
}fatj ft Mau /. ', M<,u -J 4 Junm. 7 



Bulletin 

Shinsai Yobo Chosakai (Japan) 



LIBRARY 

UNIVESSlTY OF 

CALIFORNIA 
SANTA CRUZ 

V 




Digitized by do 



* • 



Digitized by Google 



BULLETIN 




OF THE 



IMPERIAL 



EARTHQUAKE INVESTIGATION 

COMMITTEE. 



Vol. II. 



TOKYO. 190S. 



Digitized by Google 



CONTENTS. 




F. Omori. — On Micro-tremors. „ „ l^li 

F. Omori. — Note on the Tokyo Earthquake of Nov. 22, 

F. Omori.— Horizontal Pendulum Record obtained at Mito 

during a Storm 13-11) 

F. Omori.— Note on the Animal Variation of .Seismic 

Frequency in Tokyo and Kyoto 17-20 

F. Omori. — List of Recent Volcanic Eruptions in Japan. 21-34 

F. Omori. — On tlie Annual Variation of the Height of 

Sea- Level along Japanese Coasts. 2n<l Pupa . . . 35-50 

F. Omori. — -Note on the Annual Variation of the Height 

of I^vel of Lake Biwa. . „ u 51-57 

F. Omori.— List of the Stronger Japan Earthquakes, 1902- 

1007 58-88 

F. Omori.— On the Fore-shocks of Earthquakes 89-100 

F. Omori. — Notes on the Secondary Causes of Earth - 
quakes 101 135 

F. Omori. — On the Destructive Earthquakes in the Shinano- 
yawa Valley and those along the Japan Sea 
Const. . 13H-143 

F. Omori.-— Note on the Relation to the Kpiccntral Dis - 
tance of the Duration of the Preliminary Tremor 
of tlif Earthquake Motion of near Origin 144-147 

F. Omori. — Earthquake Distributions in Formosa 148-155 

F. Omori. — On the Boknsekikaku and Hasshisho (Formosa) 

Earthquake of January 11, PUIS l,",i; 105 



II 

F. Omori.- On the Earthquakes of the Fuji Volcanic 

Chain 160-184 

F. Omori.— The After-shocks of the Zonkoji (1847) and 

the Tenpo (1830) Earthquakes 185-195 

F. Omori. — Note on the Seismic Stability of the Piers 

of the Naisha -.yatca Railway Bridge, Formosa. . . 106-202 
F. Omori.— Example of a Simplo Brick Structure damaged 

by Earthquake 203-205 

F. Omori.— On the Duration of the Strongest Part of 

Motion in Destructive Earthquakes 206-209 

Notes 210-213 

F. Omori.— Note on the long-i>eriod Variations of tho 

Atmospheric Pressure 215-222 

F. Omori. — Experiments on the Vibration of Brick 

Columns 223-228 




Digitized by Google 



On Micro-tremors. 

By 

F. Omorl, Sr. D., 

Member of the Imperial Earthciunke Investigation Committee. 

With Pis. I-III. 



Introduction. The non-seismic vibrations of the ground called 
"pulsatory oscillations" are small slow movements with periods 
generally of alwut 4 or alxmt 8 sec., possibly all over the world. 
These oscillations, which are most markedly shown at Tokyo, 
Osaka, nnd other places situated on an extensive plane of new 
formation, and also probably at mid-ocean islands*, have some- 
times a double amplitude of 0.5 mm or more. What I propose 
here to term micro~trcinors are those insensible movements of the 
ground, whose period is usually less than 1 sec., and whose am- 
plitude is much smaller than that of the pulsatory oscillations. Iti 
short, the micro-tremors are, whatever their origin may be, ex- 
tremely minute vibrations of a nature similar to that of the 
movements composing the macro-seismic, or sensible, part of the 
earthquake motion proceeding from a near centre of disturlwince. 

The diagrams furnished by Omori horizontal tremor recorders 
and tromometers^, of 90 to 300 times magnifications, set up in 

• Aft rlfiwn .l>y the Omori Hot. Pond. Tromometer ohservntkro at the meteorological olnw 
vatory of llnrhijo-jima, an inland Itolongitig to the Fuji volcanic chain. 

% These inKtrnments are improved fornw of thu*e <Wrfl»wl in the PuWcatims, No. 18, nnd 
the BnBHin, Vol. I, No. 4. 
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Osaka and Tokyo indicate the micro-tremors often quite distinctly. 
For the sake of clearness, however, some photographic enlarge- 
ments of the original records are reproduced in Pis. I to III. I 
give next the results of some preliminary investigations on micro- 
tremors. 

Observation at JfitottmbasM (Tokyo). The observation at 
Ilitotsubashi was made with a horizontal pendulum tromometer 
of 100 times magnification. The maximum double amplitude in 
the EW component was about 0.0015 mm, the average periods' 
each deduced from 100 consecutive vibrations, being as follows :— 



Date (1907). 



Average Feriod (EW Oompoueut). 



July 


5-C 


0.80 sec. ' 


»> 


>» 


0.91 


»> 


» 


1.01 


Oct. 


29-30 


0.84 




30-31 


0.83 


»» 


»» 


0.82 


Nov. 


22-23 


0.77 


»> 


>• 


0.88 


M 


28-29 


0.60 


»< 


»» 


0.82 



Mean, 0.83 



The mean period of micro- tremors at Ilitotsubashi is thus 
seen to be 0.83 sec. To compare these tremors with the quick 
vibrations actually occurring in an earthquake, 1 give in PI. I a 
part of the tromometer record for July 5 and (I, 1907, which was 
photograplucally enlarged 8 times and thus magnifies 800 times 
the movements of the ground, with a time scale of 107.4 mm for 



Ou Micro-tivmorH. 



1 minute. The seismic disturbance shown in the diagram consists 
of the preliminary tremor and the earlier part of the principal 
portion of the earthquake of July 0, 11)07, which originated under 
the 8ea al*>ut 000 km to the XE of Tokyo and was felt strongly 
at the coast of Nemuro and Kushiro (Hokkaido). In Tokyo, the 
shock was slight, and the total duration about 2 hours, the time 
of occurrence being Oh 48m 07s A.M. According to PI. I, the 
quick vibrations in the preliminary tremor, which lasted 00.0 sec. 
(the commencement is marked a), were as follows* : — 

Average T— 0.77 sec, Max. '2a =0.07 4 mm. 

The active vibrations at the commencement (marked b), of the 
principal portion was as follows : — 

Average 7'=0.88 sec, Max. 2a=0.3G mm. 

Thus tho mean period of the macro-seismic movements was in 
this case about 0.83 sec, which happens to be identical with the 
average period of the micro-tremors (at Hitotsubashi) as given 
in the foregoing table. Especially, the larger and slower ones of 
these tremors, as those marked e and / (PI. I), will be seen to 
be similar in nature to the prominent vibrations occurring in tho 
principal portion (b) of the earthquake. Finally, for the sake of 
reference, I may state that, according to tho result of the macro- 
seismic measurement in Tokyo J, the average i>criod at Hitotsu- 
bashi was found to l>c 0.77 sec, this characterizing the ordinary 
earthquake vibrations. The period of strong shocks at the same 
place is a little longer and equal to 0.0 to 1.0 sec. 

Observation at Jlongo (Tokyo). The micro-tremors at Hon- 
go are probably somewhat smaller than those at Hitotsubashi, 

* T and 2a denoting as usual the complete ]>criod ami tho double amplitude, renpoctivcly. 
| The "Publication*." No. 11, p.p. 51 and 52. 
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the max. 2a in the E\V component being about 0.0011 mm. PI. 11 
is a part of the diagram for Jan. 23, 1908, furnished by an EW 
component horizontal tremor-recorder with an original pointer 
multiplication of 300 times, enlarged photographically 8 times, 
the resultant magnification being thus equal to 2,400, with a timo 
scale of 835 mm for one minute. The average periods of the 
micro-tremors each deduced from 200 consecutive vibrations, wcro 
as follows : — 



Date (1908). 


Avorage Period (EW Componont). 


Jan. 20-21 


0.28 hoc. 


22-23 


0.28 


24-25 


0.28 


»> >» 


0.32 




0.29 sec. 



The mean value of the period of the micro-tremors was in 
these cases 0.20 see., which is not much different from those of 
the quick vibrations and ripples occurring at Kongo in actual 
earthquakes. Thus, according to the macro-seismic measurement 
at Hongo*, we have the following results : — 



Average period of max. quick horizontal vibrations = 0.2(1 sec. 
„ superposed horizontal ripples =0.20 „ 

„ max. quick vertical vibrations =0.25 „ 

Observation at Osaka, The horizontal tremor- recorder with 
a multiplication of 00 times, at the Osaka Meteorological Ob- 
servatory (Director, Mr. X. Shimono,) indicates micro- tremors 
much more distinctly than in Tokyo, the max. 2a's in the EW 

• St* the J'ublimtian: So. 11, p.p. 53-55. 
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and NS components being each about 0.008 mm. PI. Ill is a 
part of tho record for Dec. 28, 1007, enlarged photographically 
7.8 times, so that the resultant magnification is about 700 times. 
The average period of micro- tremors was as follows :— 



Date (1907). 


Average Period*. 


EW Component. 


NS Component. 


Nov. 18-19 


0.81 sec. 


(1(H)) 


0.90 nee. 


(100) 


>> » 


0.88 


(100) 


0.95 


(100) 


n 21-22 


0.77 


(100) 


0.88 


(100) 


» » 


0.80 


(100) 


0.81 


(100) 


Dec. 20-21 


0.74 


(200) 


0.87 


(200) 


„ 21-22 


0.08 


(200) 


0.89 


(200) 


22-23 


0.71 


(200) 


0.81 


(200) 


Mean 


0.76 




0.88 





The average period of the micro-tremors obtained by taking 
the mean from the two horizontal com]x>ncnts is 0.82 sec. In 
this connection it is interesting to note that the ordinary seis- 
mograph observation at the same observatory of the vibrations 
caused by a powder explosion at a distance of 5 km in oue of 
the suburbs of Osaka indicated also similar periods, as followsf : — 

1 Vertical motion Vver. 7=0.75 sec. (Max. 2«=0.40mm); 
EW „ .... „ =0.83 „ ( „ =0.48 „ ); 
NS „ .... „ =0.82 „ ( „ =0.24 „ ); 

the mean value of the i*niod of the horizontal motion being thus 



* The nunilwrH of conwrtitive vibrations, from which the nvenige period \va.s deduced is 
in citi-h uihc indicated by the tlRoren 100 or '200, enclosed within brockets. 

t An account of the vibration* cuuticd by the* powder explosion at Fukii-ninra. near Osaka, 
iH given by the pnweut uutbor in the Heparin (JapaneBe) of the Imp. Earthtiunke Iuv. Comm., 
No. 57. 
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0.82 sec. In the cases of the strong Inland Sea earthquake of 
June 2, 1905, and two of its after- shocks, the period of the 
maximum horizontal motion at Osaka was about 1.0 sec. 

Conclusion* The micro- tremors at Tokyo and Osaka seem 
to occur chiefly during the day time, and may be due to traffic 
and other artificial causes, and also to the impact of winds against 
the ground. At any rate, however, their periods seem to be 
nearly idontical with those of the ordinary sensible, or macro- 
seismic, vibrations at the respective places of observation, just as 
the period of the pulsatory oscillations arc found to bo similar 
to some component movements occurring in actual earthquakes. 
It is needless to remark that both pulsatory oscillations and micro- 
tremors form interesting subjects of study, esi>ecially in connection 
with local earthquakes. 

Tokyo. Jan., 1908. 
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Omori Tremor Recorder Diagram, showi 

Magnification=2,400. (Original Multiplication = 300). F 
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wing Micro-Tremors. 

Pendulum Period = 4.7 sec. 



Hongo (Tokyo), Jan. 23, 1908. 
EW Component. 

Slower niovemeutu aro pulsatory oscillations. 
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Omori Tremor Recorder Diagram, showing 



Magnification =700. (Original multiplication=90). Pendu 




Slow anpurpfiscMl movements nro pulsatory oscillations. 
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Osaka. Dec. 28, 1907. 
NS Component. 



Note on the Tokyo Earthquake of Nov. 22, 1907. 

By 

F. Omori, Sc. I)., 

Member of the Imperial Earthquake Investigation Committee. 



With Pis. IV-VI. 



The earthquake of Nov. 22, 1007, at 2h 17m A.M., was one 
of the strongest felt in Tokyo since the semi-destructive shock 
of June 20, 1894. Tho disturbance, which caused no damage, 
was a local one, and the severity of motion in Tokyo was partly 
due to the proximity of the latter to the earthquake origin. The 
total duration of the records furnished by the teleseismographs 
in Tokyo w* only 24 min., while that in Kobe, where the shock 
was insensible, was 12 min. 

Area of disturbance. As shown in Fig. 1 (PI. IV), the 
earthquake was sensible within a land area about 75 km in 
length and 300 km in width. The area of moderate motion was 
nearly circular, with a mean diameter of about 320 km. Again, 
the area of strong motion is a small ellipse in tho XW-SE 
direction, whose major and minor axes* are respectively about 
130 and 85 km. in length. It may be remarked that the 
south-eastern half of this meizoseismal ellipse coincides with the 
alluvial plain of Musashi, where the motion is much intensified 
owing to the softness of the ground ; the centre of the ellipse 
not necessarily corresponding to the real earthquake epicentre. 
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The position of the latter seems in fact to be much eccentric and 
near the north-western end of the major axis, as considered in 
the next §. 

Duration of preliminary tremor and position of epi- 
centre. The durations of the preliminary tremor observed 
instrumentally at Tokyo and 7 other stations were ns given in the 
following table. 



Name of Station. 



(i) Tokyo. 

j Mito. 
1 Tsuknbn. 

( ii ) Mean . . . 



Miyako. 
Iahinomaki. 

(iii) Mean 



(iv) Nagano. 

| Kobe. 
( Osaka. 
( v ) Mean . . 



Latitude. Longitude. 



35*43' N 

36 23 
36 13 



39 38 
38 26 



30 40 

34 41 
34 42 



139°46' E 

140 28 
140 00 



141 59 
141 19 



138 10 

135 11 
135 31 



"Duration of the 
total preliminary 
tremor. 



7.5 



10.0 
10.0 
10.0 

50.0 
42.5 
46.3 

21.8 

48.6 
50.0 
49.3 



Calculated 
epicentral 



km. 



110 
110 
110 

400 
347 
374 

197 

391 
400 



The duration of the preliminary tremor has been determined 
in tho usual way from the different seismograms, with the excep- 
tion of those obtained in Tokyo. The phase in question for the 
latter place has been taken in regard to the vibrations of macro- 
seismic nature. 
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The figures in tho last column of tho above table have been 
calculated by the formula, .r km =7.2 7 // sec. + 38, in which .rand 
y are respectively the epicentral distance and the duration of the 
preliminary tremor. Drawing on the map (Fig. 1) five circles 
with radii equal to tho calculated distances of (i) to (v) about 
tho respective positions as centres, we see that four of these meet 
near one another in the southern part of the province of Kotsuke. 
The probable position of the epicentre, indicated in the figure by 
a small cross ( x ), is situated in the northern part of the province 
of Musashi, namely, at about latitude 30 \ N, and longitude 139$ 
E, at a distance of about 55 km to the north-west of Tokyo. 

Observation in Tokyo. Time of Occurrence = 2h 17m 
35s A.M. 

Initial slow displacement. The seismograms furnished by the 
long-period horizontal pondulum instruments in Tokyo, three of 
which are reproduced in PI. VI, are interesting in showing ap- 
parently no preliminary tremor, but beginning at once witli a 
large slow vibration of period of about 7.5 sec, followed by a 
number of the proper pendulum oscillations. The initial displace- 
ments in the E\V and NS directions, meaned from the different 
diagrams, are as follows : — 

/ Motion toward Enst = 3.3 mm. 1 

„ North = 3.2 „ 
I Itoftultnnt displacement = 4.6 mm ; Direction, N 46° E. 

Thus it will be observed that the direction of the initial (slow) 
motion was in this ease approximately perpendicular to the line 
joining Tokyo with the earthquake origin, the vibration probably 
belonging to the category of the transverse wave*. A circumstance, 

* 8m» alw> un uvomnt of the enrthqiwk*- of .Tan. 21, 1900. which <iriginnto<l off tho sonth- 
«wttni «wt of the Main I*|iin«1. Tho Ihitlrtin, Vol. I, \i. 145. 
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which gives support to this latter supposition, is that the horizontal 
pendulum diagrams obtained at the other stations, whose epicentral 
distances were greater than that of Tokyo, showed no distinct 
slow vibration at the commencement, the preliminary tremor being 
generally well marked, due possibly to the slower transit rate and 
the consequent retardation of the transverse wave. The total 
duration of the earthquake motion in Tokyo was 24 min. 

The results of studies on the nature of the vibrations occurring 
at the commencement of an earthquake, observed near the origin 
of disturbance, will be published in the Bulletin from time to 
time, a general discussion on this subject being reserved for a 
future occasion. 

Mac rose ismograpJt record obtained at Hitotftubashi 
(Tokyo). Fig. 2 (P). V) gives the preliminary tremor and the 
earlier and most active part of the principal portion of the earth- 
quake motion as recorded by an ordinary Gray-Ewing-Milne type 
seismograph, which magnifies the EW, NS, and vertical com- 
ponents 3, 4, and 2 times respectively. It will be observed that 
in this macro- seismogram, which does not show the slow vibra- 
tions existing in the earthquake motion, the preliminary tremor 
is well defined, the principal portion beginning with conspicuous 
movements of large amplitude. In the following description of the 
seismogram, the complete period and the range of motion (double 
amplitude) are denoted by the symbols T and 2a respectively. 

Horizontal Motion, 

The motion was sensible for about 2 min. 

Preliminary tremor. The movements were as follows : — 

(NS) T= 0.85 sec, Max. 2a = 1.00 mm. 
(EW) T= 0.82 „ Max. 2a = 0.73 „ 



Note on the Tokyo Earthquake of Nov. 22, 11)07 
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Principal portion. The motion was about; 3 times greater in 
the NS than in the E\V* component, this being contrary to what 
is usually the case with strong Tokyo earthquakes, in which the 
EW component greatly predominates. For the first 2.3 sec., the 
vibrations were comparatively small and principally in the NS 
component : — 

(NS) T = 1.01 see., Mas. 2a = 9.5 mm. 

(EW; T = 0.17 „ Mux. 2a = 1.3 „ (ripptes). 

Then the motion became much larger, there being 4 displacements 
(marked, in Fig. 2, respectively erf, de> ef, and fg) composing 2 
vibrations as follows : — 



1st displacement 



11.3 mm toward N, 4.5 mm toward W ; 
Resultant 2a = 12.3 mm, toward N22°W. 



[16.3 ram toward »S, 5.3 mm toward E; 
2nd \ 

Resultant 2a = 170 mm, toward S18°E. 



3rd (Max.) 
4th 



22.0 mm toward N, 7.7 mm toward W; 
Resultant 2a = 23.3 mm, toward N19°W. 

(9.3 mm toward S, 7.3 mm toward E; 
(Resultant 2a = 11.8 mm, toward S38°E. 



The above 4 displacements, together lasting 2.0 sec., constituted 
the most active part of the earthquake ; the 2nd and 3rd dis- 
placements forming the maximum vibration of 2a = 23.3 mm, and 
period = 0.95 sec., whose maximum acceleration was 510 mm per 
sec. per sec. As the mean direction of motion was N24 W-S24 E, 
these movements took place approximately parallel to the hue 
joining the earthquake origin with the observing place and are due 
probably to the longitudinal wave. The subsequent motion was 
smaller, but continued active for about lm 12s, the period being 
as follows : — 
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uvcrage, 0.80 80c. 



(XS) 2'= 0.79 see.] 
(EVV) T=0M , 

Vertical Motion. 

Preliminary tremor. The motion was very small. 

Principal portion. The motion which was small during the 
first 3.5 sec, was active during the next 18 sec., and consisted 
of the following vibrations :— T =0.47 sec., Max. 2a = 1.3 mm. 

Observation at Hon go {Tokyo). The maximum macro-seismic 
motion at Hongo was 2a = 10.4 mm, T = 0.7 sec, nearly in the 
NS direction. 
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Fig. 1. Tokyo Earthquake of Nov. 22, 1907. 

J, II *nd III aru ratpecUvolv the bounrittrit* of tbe 
trout of nJiy/i/, nuolcraU, and «frony roorementa. 

>4rt» in mi are drawn about the different place* as cadres with 
radii calculated from the duration (f the preliminary tremor. 
(x) Probable Position of the Earthquake Origin. 

1.15 1.16' 137 IS-. IHI n» m u; 
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Horizontal Pendulum Record obtained 
at Mito during a Storm. 

Bjr 

F. Oniori, He. I) 

Member of the Imperial Earthquake Investigation Committee. 

With Pis. VII to IX. 



Instances of remarkable inclination of the ground observed in 
Tokyo during a storm have been described in the Publication*, 
No. 21, and the Bulletin, Vol. I, No. 4. The present note gives 
an account of a similar case of the tilting recorded on March 23, 
1007, at the meteorological observatory of Mito (f =36 23' X; 
140 28' E), with the XS component Omori horizontal pendulum, 
whose recording cylinder made one revolution in 24 hours, and 
whose instrumental constants were as follows : — 

Pendulum period, when suspended vertically = 7^ =1.74 hoc. 
Period of Horizontal Pendulum actually set up= T~'32 soc. 
Multiplication ratio of the pointers n = 20. 

Displacement* of the writing index corresponding to the tilting of 1" 
= /- ix)ix sin 1" x =24.57 mm. 

Fig. 1. (PI. VII) gives the tiltometer record in question between 
10 a.m. and 5 p.m., on the 23rd. 



* In the " liullctin," No. 4. r him by misUiko been defined na the angle of tilting equivalent 
to 1 mm ilfci.Lux.mcnt at the writing index. 
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Storms on 22-24, March, 1907. From Fig. 2 (PI. Vlll)*, 
which shows the condition of the weather at G a.m. on March 
23rd, 1907, it will be observed that there existed simultaneously 
two cyclones, (I) and (II), whose tracks were parallel to the 
general course of the Islands, and were over the Pacific Ocean 
and the Japan Sea respectively. The cyclone (I) appeared on the 
21st off the south-eastern coast of Formosa, progressed toward 
north-east, and approached the south-eastern coast of the Main 
Island about the noon of the 23rd. The other cyclone, (II), which 
originated on the 20th at tho Yantzse Valley, China, passed 
through the Tsushima Strait and approached on the 24th the 
western coast of Hokkaido. Both of these cyclones, which were 
at first shallow, rapidly increased in intensity with their eastward 
movement, the storm already extending over the whole of tho 
Main Island on the afternoon of the 22nd. When the centre of 
the depression (1) approached on the 23rd the peninsula of Awa 
and Kazusa, the minimum barometric pressure of 744 mm was 
recorded at Choshi (9 =35 44' X, X= 140 55' E) at 1 p.m. The 
minimum pressure at Mito was 745.8 mm at 1 p.m. On the 
Japan Sea side, tho minimum pressure, due to the cyclone (II), 
was 749.9 mm and was observed at Stittsu (province of Iburi, 
Hokkaido), at 9 p.m., on the 23rd. 

Tilting of the ground. A marked southward inclination 
began to set in about Oh 30m p.m. ; the displacement of the re- 
cording index of the instrument in that direction being 92 mm on 
record, which corresponds to a level inclination of 3.7". This 
tilling was accomplished in the time interval of about lh 50m, 
tho extreme southward inclination having been reached at 2h 20m 

• The weather map is reproduced from the March (1907) number of tho "Kisho Yomn," 
published by the Ceutrul Meteorological Observatory. 
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p.m. Thereafter the northward inclination began to sot in. 

Thus it will l>e observed that the commencement of the 
sudden southward tilting was at about 30 min. before the epoch 
of the minimum barometric pressure at Choshi and Mito; the 
passage of the centre of cyclone producing, as in the case of the 
storm on Oct. 10th and 11th, 1904, not an elevation but tho 
depression of the ground. This is probably due to the fact that 
the deep barometric cyclone was accompanied, or rather followed, 
by an increase of the height of sea water, to an amount greater 
than the equivalent of the barometric fall, as explained in 
the next §. 

Mareogram at Choshi, Fig. 3 (PI. IX) is a reproduction 
of the tide gauge diagram obtained on March 22nd and 23rd, 
1907, at Choshi (province of Shimosa), which place is situated 
at the month of the River Tone, near Capo Inuboe, at a distance 
of alxmt 80 km to tho SES of Mito*. The disturbances of tho 
water, consisting in the secondary undulations proper to the 
coast of observation began to become marked from about 4 J a.m. 
on the 23rd, continuing to increase till midnight of the same 
day. The level of the sea also began to rise, tho greatest limit 
being reached at about 2 p.m. to a few minutes after 3 p.m., 
when the water thus abnormally accumulated was about 2J 
shaku ( = 75.8 cm) higher than the level according to the usual 
tide movement, and 1.12 shaku (=34.0 cm) than tho highest 
water dnring the preceding day. Tho time of the greatest water 
accumulation at Choshi thus nearlv coincided with tho moment 
of the maximum southward tilting at Mito. The difference of 
the highest mean level at about 3 p.m. (23rd) over that of the 

• For "the copy of tho mareogram I am indebted to Prof. Dr. T. Kondo of the Interior 
Department. 
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F. Oxnori : Horizontal F«n<folnm Record obtained at Mito. 



mean low water occurring about 3 honrs earlier is Rome 1.45 
shaku (=44 cm), which may be taken as the differential increase 
of the height of the sea level near the position of the cyclone 
over that in the neighbouring portions of the ocean. As the 
difference of the barometric pressure at the minimum centre and 
the coast near it was probably about 10 mm, or about 14 cm of 
water column, we see that the resultant relative pressure at the 
ocean bottom immediately after the passage of the cyclone centre 
is increased by an accumulation of water nearly 30 cm in height, 
extended over the sea surface of no insignificant dimension. This 
probably accounts for the tilting of the ground toward the centre 
of barometric depression, when the path of the latter is over 
the Pacific. 



pl. vin. 



Fig. 2. Weather Map. March 23, 1907; 6 A.M. 

The dotted lines (I) and (II) give the paths of the 
two cyclone centres, whose positions at 6 A.M. of the 
successive days are each indicated by a small cross ( x ). 
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Note on the Annual Variation of Seismic 
Frequency in Tokyo and Kyoto. 

By 

F. Omori, 8c\ D., 
Member of the Imperial Earthquake Investigation Committee. 



With PI. X. 



Introductory. As pointed out in a discussion of the 
seismic activity for Japan, taken as a whole, the variation of the 
frequency of the ordinary small shocks, whose numtor is minimum 
in the months of June, July, August, and September, is just the 
reverse of that of the destructive disturbances, whoso number 
is maximum in July and August*. Again, with respect to 
the recent Japan earthquakes of submarine origin, the annual 
variation of the small shocks is found to be approximately 
opposite to that of the stronger or larger ones J. delations like 
these between small and large seismic disturbances are what is 
to be expected from the nature of an earthquake, which is 
virtually equivalent to the removal of a weak point in the earth's 
crust; the more frequent occurrence of small shocks tending to 
prevent any abnormal accumulation of the underground stress. 
The non- occurrence of these disturbances, or, an unusually low 
seismic frequency may, on the other hand, facilitate the occurrence 

* F. Omori: "Note on the Earthquake In\ estimation Commit too Catalogue of JnpnncHe 
Earthquake*." .Tour. Sc. Coll., Imp. Tokyo Univ.. Vol. XI, 1899. 
I Tim number, It XIX. 
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of great or destructive seismic disturbances. The reversal of tho 
maximum and minimum epochs in the annual variation of large 
and small seismic shocks is also strikingly shown in the cases 
of tho earthquakes recorded in Tokyo and Kyoto. 

Seasonal variation of seismic frequency in Tokyo. The 
number of destructive and semi-destructive earthquakes, which 
shook Tokyo (Yedo) since the foundation of the city in liiOO 
by Tokugawa Iyeyasu, was 18, the first and last of which took 
place in 1015 and 1804 respectively. Of these, the maximum 
seasonal number of 7 occurred in Summer, while tho minimum 
number of 3 occurred in Winter and Spring. On the contrary, 
the mean seasonal number of ordinary small earthquakes, observed 
instmmentally in Tokyo between 1870 and 1899, was minimum 
(=19.1 and 18.3) in Summer and Autumn, and maximum ( = 2"».5) 
in Spring*, as shown in the following table. 



Seasonal Seismic Frequency in Tokyo. 





Menu seasonal unmlmr 
of ordinary eqkeK. 
<lff7«-18U9). 


N'nmber of destructive 

"enkSTifii^-isat** 


Spring (March, April, Maj-). 


25.5 


3 


Summer (Juno, July, August). 


19.1 


»* 
I 


Autumn (Sept., Oct., Nov.) 


18.3 


• 4 


Winter (Dec., Jan., Feb.) 


23.9 


3 



As is graphically shown in Figs. 1 and 2 (PI. X), the annual 
variation of the small earthquakes is almost symmetrically opposite 
to that of the destructive and semi-destructive shocks. 

Annual variation of seistnic frequency In Kyoto. Of 
the seismic disturbances recorded in Kyoto between 797, the year 



* See the r«Uicali<ms, Ko. 8. 
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of its foundation, ami 1807, when it ceased to be the Imperial 
capital, 1088 earthquakes were small shocks, and 32 were destruc- 
tive or semi -destructive in or about the city*. The distribution 
in the 12 months of the year of these two classes of Kyoto 
earthquakes arc as follows. 

Monthly Seismic Frequency in Kyoto. (707-1807). 



Mouth. 

January. 

February. 

Marelu 

April. 

May. 

June. 



Ordinary small e<jki;s. 
(1088 shocks.) 

79 

82 
110 
102 

95 

91 



Instructive and aemi- 
destructive eqkes. 
(82 shocks.) 

:•. 
0 
0 
0 

:5 
4 



July. 

SeptonilHir. 
( Xitober. 
Novenil*?r. 
Decemlxu*. 



87 
95 
74 
87 
95 
91 



■1 
1 

•1 



Thus the small earthquakes indicate tin- maximum monthly number 
of 110 in March, and the minimum of 74 in September; while 
the larger ones siiow tho minimum number of zero in February 
to April, and the maximum number of 7 in August. As will 
also he seen from the graphical illustrations in Figs, o and 1 (PI. X), 

* Thrwe numbcrti lire nvistxl rc»ulU nnd cliftVr slightly t'ntti tin we Riven in Jour. S»-. Coll.. 
Imn. Tokyo 1'niv., Vol. XI. 
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tho unmml variations of the two sets of earthquakes are nearly 
opposite to one another. 

Concluding remark. From the foregoing §§, it is evident 
that we must treat small and large earthquakes separately, in 
tho discussion of seismic frequency with respect to the atmos- 
pheric pressure, the jK)sition of the moon, etc. 



PL. X. 

Annual Variation of Tokyo Eqke Frequency. 




Fig. 1. 
Small Eqkes. 




Fig. 2. 
Destructive Eqkes. 



Annual Variation of Kyoto Eqke Frequency 




Fig. 3. 
.Small Eqkes. 



i.Uon//, } 



Fig. 4. 
Destructive Eqkes. 
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List of Recent Volcanic Eruptions in Japan'. 

By 

1* • Oitioi°i, So« 0»j 

Member of the Imperial Earthquake Iuvestigntiou Committee. 

With Pis. XI-XIII. 



Larger volcanic outbursts in recent gears* Among the 
recent volcanic explosions in Japan, the most notable, were the 
following five : — 

(i) Explosion of liuiulai-san. July 15, 188N; 7h 45m a.m. 

(ii) „ Aznma-sau (Lssaikyo-Han). May 19, 1893; llh 

30m a.m. 

(iii) „ Ailatara-san (Xumuahiri-yama). July 17, 1900; 

Oh 30m p.m. 

(iv) ,, Tori-shima. August, probably botwwm thu iiij^ht 

«>f 7th ami that of 9th, 1902. 

(v) Submarine oruption near tho Minami Iwo-jima (South Sulpher 

Island). Alxrat the 5th of December, 1904. 

Of these, the first four consisted each of a sudden steam explosion, 
the most violent 1 icing that of the llandai-san, one of whose 
peaks was entirely destroyed. The three explosions of the Azuma- 
san, Adatara-san, and Tori-shima were much smaller, that of the 
first named mountain l>oing probably the least. A rough idea of 
the comparative strengths of the explosions may be obtained from 

i 

• TmnHlnUon, with lublitinnK, of tho prctu'iit author's \*\\*-\ in the Reports (.Tnputii***') of 
the Imp. Kiirthqwike Inv. Comm., No. HI, 1!MU. 
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the masses blown ofV on the different occasions* 1 , which wore ap- 
proximately in the ratios of 3400 : 1 : 7 : 56, as follows :— 



Each of these four volcanic explosions caused a considerable 
damage, attended by loss of hnman lives, which was specially 
striking in the case of the Tori-shima, the total population of 
the island, abant 125 in numlier, having been entirely wiped away 
without leaving oven a trace. 

The explosion of the Adatara-san was central, that is to say, 
took place from the filled up crater of the original volcano, while 
those of the Bandai-san, Azuma-san, and Tori-shima, were each 
an eccentric outburst, having occurred not in the original central 
emter. 

The submarine volcanic outburst, (v), which took place near 
the Minami Iwo-jima, whs very remarkable and consisted in the 
eruption of molten lava, resulting in the formation of a new island, 
about M5 metres in height and nearly km in circumference. 
This island, made up of the loose material, again entirely disap- 
peared al>out I year later. 

Of the 5 cases of larger volcanic outbursts mentioned above, 
the first three occurred in the province of Iwashiro, in the northern 
part of the Main Island, while the two last occurred in the 
Pacific and l>elonged to the Fuji volcanic chain. 



T$ai)dai-san 
Azutnn-snu . 
Adatara-san 
Tori-shima . 



(Tolume of newly 
1,700,000,000 cubic metres. 



500,000 
3.«00,000 
28,000,000 



* Tin- estimation of the volnme of newly oi*>ue,l crater of the Bnnilni-Rim whs ramie by 
the lute lVifeKHoTH S. Sekiyn nml Y. Kikuelii. Thane relnting to the three other volcanoes nre 
1 aseil on the ohservfttiona of the present author. 



List of Recent Vuknnic Eruptionx in Japm. 



23 



Xi#f o/' rofcanfe outbursts, 1893-1907. During the 14 
years between 1893 and 1907, there Were in Japan (Kuriles, 
Lyu-Kyu, and Formosa excepted) over 70 cases of volcanic out- 

< 

bursts, which consisted mostly in the explosions of steam ; the 
mountains most active during this period being the following 
four : — 

/Aaama-yaina (province of Shinauo) abonfc 31 times 

jKirisbima-yama (province of Hyii^a) „ 19 „ 

J Aso-aau (province of Higo) G „ 

'Shiraue-sau (province of Koteuke) „ 5 „ 

Besides these, Axuma-san (Issaikj'O-san), Adatam-san (Numa- 
shiri-yama), Taramac-san (in Hokkaido), Komaga-take (Do.), 
Katta-dake (province of Hikuzcn), and others were also more or 
less active ; there being also two cases of submarine eruptions ofT 
the Pacific coast. The approximate positions of those volcanoes, 
14 in number, are as follows. 



Volcano. 


Latitude (X) 


Longitude (E) 


Komaga-take. 


42° 04' 


140° 41' 


Tarnmae-suiu. 


42 


42 


141 


23 


Katta-dako. 


38 


08 


140 


27 




37 


44 


140 


15 




37 


38 


140 


16 


l> JX * 
I Wl Illl] 1 1 ~H!l it. 


37 


37 


140 


04 


Shirane-aau. 


3(1 


38 


138 


33 


Asama-yama. 


3G 


25 


138 


30 


Iwo-dake. 


3(5 


15 


137 


3G 


Aso-biu. 


32 


54 


131 


05 


Kirishima-yam:!. 


31 


50 


130 


52 
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Volcano 


latitude (N) 


Longitude (E) 


Near Bayonnise Hock. 


31° 55' 


139° 54' 


Tori-ahimn. 


30 27 


140 07 


Eruption near Miiiami- 


24 13 


141 29 


Iwo-shima. 







As a strong volcanic eruption lias usually a number of 
smaller followers, it is often difficult to count the exact numl>er of 
the outbursts. These small secondary ones have, in so far as 
they can be identified as such, lieen excluded from the following 
list of the volcanic disturbances. 



Table I. List of Volcanic Outbursts in Japan, 1893-1907. 



Volenno. 


I>»te. 


Time of 
OntburHt. 


Hkmakkm. 




1894- 








Feb. 25 


10"' 30»A.M. 






as 


8 20 .. 


Load detonations. 




March 7 


5 - .. 


Detonations, Antics thrown ont. 



llambhng houiuIk iUmo heard «t 7.13; 8.48; 'J.15; 9.23; 9.40; 10.02 
nn.1 10.23 A.M. of the atme day. the bu* being the 





>• 


U 


■0 


40 A.M. 


Detonations uud explcwion. 


Aranta-Han 
(Isnukyo-win). 


H 


lfi 






Detonation*. Ah)k* thrown out 


»» 


April 


4 




No in. 




Anama-ynma. 




0 


1 


- A.M. 


»• .. 


t» 




11 


1) 


— T.M. 


Lund detonation*. Aahefl thrown ont. 


Aznmn-wm. 


»» 


12 


10 


— A.M. 


A*keH thrown out. 






17 


8 


— A.M. 


Detonations. AkIuw thrown out. 




« 


2H 


0 


20 P.M. 


Outburst. 




- 


30 


0 


— A.M. 


Loud Detountions. Asbca thrown ont 
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V lk L mlu , 


Dute. 


Time of 
(>nt burnt. 


Kkmahiw. 


Aso-Ann. 


liny 


24 


Midnight. 


IMonntionx. .Vsli<<* thrown out. 


Amma-yitmii. 


Jane 


14 




30™ A.M. 


Lond dctonationa. Ashen thrown out 
in large i|nantity. 


A«o-snn. 


>• 




8 




P.M. 


Lund detonation*. Ashes thrown out. 




Aug. 


17 


6 


_ 


I'M. 


Smoke emitted. 




» 


30 


5 


— 


A.M. 


1>* tonjitionK. 

» 


Katta-dake. 


Feb. 


15 


9 




A.M. 


Smoke emitted. 






10 


8 




AM. 




Axnmiv-fuiu 
(bwaikyo-t«n). 


Miirtii 


8 


7 


32 


A.M. 


Detonation** and emi*Mou of smoke. 








•J 


4" 


T.M. 


« ti 


Kiriahinuv-yama. 


•Inly 


JO 


0 


:to 


P.M. 


•« H 




Sept. 


27 


5 




A.M. 


H »« 




Oct. 


16 


0 


30 


P.M. 


t» »• 


M 




18 


3 


45 


P.M. 


Loud detonations uud cnuHKkm of 




1896 










Kirisliinm-yiinm. 


Mnrch 


15 




21! 


A.M. 


Kx])kjKum, aecunipanied by emission 
of xmoke and falling of tube*. 


>• 


Juno 


26 


1 




A.M. 


Detonations anil emission of smoke. 
Ashen thrown out. 


« 


lXv. 


•21 


1 


15 


P.M. 


Explosion. Ashes thrown <rat. 




1897 










Zo-O-wtn 
(Kutb.-dak.-) 


Jan. 


U 


l> 


*> 


AM. 


1 Mi 'nations. Smoke emitted. 


Aso-win. 


jEu«l «ff Feb. to 
1 the twinning 
'of Mnnh. 








Detonations eontinncd for *cvend 
<lnys, lieing strongest on March 3. 




Jnly 


31 


5 




A.M. 


Detonations and cnii>-sion of smoke. 




Sept. 


4 


8 




A.M. 


Explosion. 
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Volcano. 


Date. 


Time of 




KmAuna-yniDA. 


1891 

Feb. 


3 

8 


ill m i ix 

I" — A. 31. 


DetomttionN ami cmiflBion of s rnoki* 


»• 


M«rch 


11 


•7 i* vr 
7 — l'JI. 


T»iul (letonntionK ami exploHton. 


»• 


l>ef. 


30 


ii — r.ar. 


n « •• 


AHnnui-yntwi. 


189! 

Mnrcb 


10 


1 ptr 
1 — l .al. 


DetonAtions nn<t trxp)t*<ion 


»* 


.Inly 


10 


Mgllt 


KxploriooK, continuing for neveml 
(lays. 


•» 




15 


11 — A.M. 


Lotul detonntioua nml c solution. 


KiriHhimn-ynnui. 




28 


1 :jo A.M. 


■* t. 


AwhinH-yamu. 




7 


* 1 .Al. 


.« .» *• 
Ashcx fell for Kuvcml «layit. 


A.Ut«m-«»n. 


•« 


•21 


11 30 1\M. 


Exnlcwion. 


KiriHhimu-yuiivii. 




12 


Morning 


IMonatinnn and explosion. 




Oct. 


13 


3 05 A.M. 


t. 


« 


Nov. 


7 




»» 






12 


i 30 r.M. 


J^KDIOKlotl. 




1900 






Artatarn-san. 


Jan. 


22 


i — A.M. 


Detonation* ami expkmon. 




Feb. 


7 


.1 I) XT 

t» — 1 .Al. 




KiriKhima-yoinn. j 




1C 


O & TT 


• 


Asumn-yamn. 


•• 


19 


a — 1 .al. 


Lontl detonation* and exclusion. 




Mareh 


1 


fFrom morning 
I to noon. 




<• 


*• 


22 


Midnight 


IMonntiuus, followed by several 
other*. 




»♦ 


:»1 


3 10 P.M. 


Load iletonntionK nml explosion. 


Ailfttnni-aiu. 


.Inly 


17 


0 .10 P.M. 


Great expluHion. (Sw tb»- 1st §) 




• « 


•21 




Kxphwion. 




IM. 


1 


:t A.M. 


Fenlile detonnttomi ami exultation. 




Nov. 


Vi 


4 30 P.M. 


KxpltiKiou. 
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Volcano. 


Dote. 




Time irf 


K KM AUKS. 


Asnmivyjinui. 


1901 


14 


4" 


— « A.M. 


Fenble. Bhidring nn<l expk*tioti. 




April 


20 


0 25- 


-5 00 r.M. 


Explosion 


H 




'21 


10 


30 A.M. 




•» 


May 


23 


10 


50 A.M. 




H 




9B 


2 


00 P.M. 




»» 


July 


21 


E 


veiling 


Expl.Ki.mK continual fat several days. 




Au«. R-K 






(Ashe*' fell ills., on JM, « n .l 10th.) 



Tori-Khimu. 



Kirishimii-y»nin. 



1902 



I 



1 — P.M. 



Aug. 

|(prolinbly between even- j 
Angling of 7th and tluit of 
•«h) 



Sept. 



o 
17 



Near the 
Iw.i-jimrt. 



Ananm-yumii. 

In the vicinity <rf 
liayonnnioe Rock, to 
tin- SE of Aogiwhi- 



1903 

Aug. 2U 
Xov. 25 

1904 

Aug. 4 



1 



Evening 

1 - P.M. 

2 !I0 P.M. 
9 — A.M. 



N.«>n 



{AW Nov. 28) 



1 



Aug. 
Oct. 



20 

2K-) 



11 P.M. 



1906 

April r. 

April (prolmbly 
lietwecn 7 and 
W) 



Detonation*. AhIick thrown out. 
Grent expbwon. (See the lnt §) 
Small explosion. 



Detonation* nn.l exploni.ni. 
Grent detonation* and explosion. 



Smoke emitt.il. mid 



A grent 

in the f.»rmati.ni of "a new iaknd." 



Early morning 



o.mtinne.1 to be 
n out till the en.l of the year. 

Smoke emitted, and ashes thrown .wit. 



Smoke emitted. 

A submarine eruption, which con- 
tinued probably for nliout one week. 
A great quantity of pumice whs 
found flouting on the Hen 
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Volcano. 


Date. 


Time of 
Outburst. 


Rkm.vhks. 


At«>«xn. 


June 

1907 


H 


.v - p.m. 

Continued fmm 


Intonations, followed by an explosion. 
A new crnter, ahont 50 ft in length 
and 21 ft in width wm fanned. 


Asnma-yamn. 


.Inn. 


18 


the evening of 
18th to the morn- 
ing of lSHh 


Smoke emitted. 


•• 


March 


28 


C — A.M. 


Smoke emitted, and a-die* thmw'u out. 




Aug. 


21 


Kiirly morning 




Iw«xl«ke. 
(in Shinnno) 


Dec. 


11 




Expkwinn. Ashes wore thrown out. 



Annual variation of the frequency of the volcanic out- 
bursts. The distribution in the 12 months of the year of the HO 
cases of volcanic disturbances contained in the list given in the 
preceding § is shown in the 2nd column of the following table ; 
the figures in the 3rd column, taken from the late Mr. Ogashima's 
work, " Nippon Saiishi," (A compendium of miumal ercnl* in 
Japan), being the annual distribution of the 113 volcanic out- 
bursts, which happened in Japan since the earliest historical times 
down to 1885*. 



Table II. Volcanic Eiuptions in Japan. 



Mouth. 


80 Vol. Outbrusts 
ill recent years. 
1893-1907 


113 Vol. Outbursts 
recorded in history. 
085-1886 


Sum. 
(193 Outbursts). 


I 


3 


(5 


9 


n 


9 


20 


29 


iii 


12 


13 


25 



* For accounts of liistoricnl volennio outburHts in Japan, the reader is also referred to 
rrof. John Milne's paper. " the volcanoes of Japan." in the Trans. Seism. Soe. Tajnm, Vol. IX. 
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Mouth. 


SO Vol. Outbursts 
in recout years. 
18911 -190 < 


113 Vol. Outbursts 
m-onled in history. 
<>8j>-188<» 




1\ 


1 t 

11 


14 


OR 


\ 


."» 


u 

o 




VI 


4 


4 


8 


vn 


H 


7 


15 


vin 


11 


14 


25 


IX 


5 


9 


14 


X 


4 


3 


7 


XI 


r, 


9 


14 


xu 






11 



The annual variations of tho recent volcanic outbursts and 
of those which occurred in the historical times are, as illustrated 
in Figs. 1 and 2 (PI. XI), mutually alike, each showing two 
distinct maxima of the frequency. Tho monthly distribution of 
the two sets of eruptions taken together is given in the last 
column of the al>ovc table and illustrated in Fig. 3. From the 
latter it will be seen that the absolutely greatest frequency (29) 
of eruptions occurred in February ; the three months of February, 
March, and April together forming the 1st, or principal epoch of 
volcanic activity, followed by the principal minimum in June. 
The 2nd, or smaller, maximum frequency (25) occurred in August. 

Comparison with the annual variation of seismic fre- 
quency. To compare the annual variation of the frequency of 
the volcanic eruptions with that of the seismic frequency, I give, 
in Table III, the mean monthly percentage numbers of earthquakes 
observed instrument illy at the meteorological observatories of 
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Nagoya, Gifu, ami Kumamoto, which places arc shaken mostly 
by seismic disturbances of inland origin ; the figures having been 
deduced from the data given in the 44 Publications of the Imp. 
Earthquake Inv. Comm.", Xo. 8. 



Table III. Mean Monthly Percentage Xuml>crs of Earthquakes 
at Nagoya, Gifu, and Kumamoto. 



"\fonfh 




(iifn 


Iv ii i ii it mo to. 




I 


13.3 


10.7 


10.9 


1L6 


TI 


7.5 


8.2 


9.3 


8.3 


III 


13.0 


9.9 


9.9 


10.9 


IV 


9.0 


13.9 


9.5 


11.0 


V 


9.0 


9.2 


10.5 


9.6 


VI 


0.3 


(5.9 


9.0 


7.6 


vn 


0.0 


0.0 


4.9 


5.6 


vm 


11.2 


5.5 


7.5 


8.1 


IX 


0.0 


0.5 


7.5 


6.9 


x 


0.9 


8.2 


S.8 


8.0 


XI 


4.8 


8.0 


0.1 


6.5 


xn 


5.8 


(5.5 


5.5 


5.9 



According to the average values of (he monthly seismic 
frequency, which are given in the last column of Table III, and 
which are graphically illustrated in Fig. 4, the annual variation 
of the frequency of the earthquakes of inland origin shows the 
epoch of the principal maximum (—11) in March and April, 
with the principal minimum ( = 5.0) in July ; there being an 
epoch of a secondary maximum ( — 8) in the months of August 
to OctolK-r. The variation in question may thus l>e regarded as 
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being on the whole approximately similar to that of the frequency 
of the volcanic eruptions. 

With respect to the cause of the frequency variations of 
these two phenomena, it is to be remarked that the earthquakes 
of inland origin are much affected by the atmospheric pressure, 
as discussed in the Publications, No. 8 ; the 1st, or principal, 
seismic maximum above mentioned l>eiiig due prolwibly to the 
barometric maximum in the annual variation. The 2nd, or 
smaller, seismic maximum may possibly Ik? due to the more ex- 
tensive or stronger among the earthquakes of inland origin taken 
into consideration ; the annual variation of large and small shocks 
lieing in general opposite to one another. The cause for the 
two maxima in the frequency variation of the volcanic eruptions 
is probably the same as in the case of those of the earthquakes. 
It is needless to add that further and more strict investigations 
in these connections are necessary, especially for tho explanation 
of the secondary maximum in the frequency of volcanic erup- 
tions*. 

Seasonal number* of volcanic eruptions. The following 
table gives the distribution in tho four seasons of the year of 
the 193 volcanic emptions (Table II) and of- the percentage 
uumljers of the earthquakes observed at Xagova, (Jifu, and Kuma- 
moto based on the data given in Table III. 



• In the Report* (Japanese) of the Imp. Earthquake In v. Comm.. No. 56, I have dated the 
view that the Heoondary maximum in the frequency of the vulcanic eruptions may he due to 
the preamrc ot the «ea water at the bottom. The supposition stated in the present pumgmph 
«eem« to lie the more likely one. 
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Tabic IV. Seasonal Distribution of the Volcanic Eruptions 
and the Percentage Numbers of the Earthquakes. 





Volcanic 


Seismic Frequency. 


Season. 


Eruptions. 


Xagoytt. 


Gifn. 


Knmaraoto. 


Mmn. 


Spring 
(March, April, Mny.) 


fil 


31.fi 


33.0 


30.3 


3l.fi 


Summer 
(.Tune, .Tnly, Angn*t.) 


48 


23.5 


18.4 


22.3 


21.4 


Antumti 

(Sept., Oct., Nov.) 


35 


18.4 


23.2 


32.7 


21.4 


Winter 
(Dec, Jnn.. Fell.) 


49 


215.5 


25.4 


i'4.7 


25.5 



Thus, for the volcanic eruptions, the greatest seasonal numlier of 
CI occurred in Spring, being 1.7 times greater than the least 
number, which occurred in Autuum. For the mean frequency 
of the earthquakes, the greatest percentage number of 31. (> occur- 
red also in Spring, being al>out 1.5 times greater than the least 
number of 21.4, which occurred in Summer and Autumn. The 
curves graphically representing the variations of the seasonal 
frequencies of the eruptions and the earthquakes, given in Figs. f> 
and G, (PI. XII), will bo seen to be on the whole similar to one 
another. 

Numbers of volcanic eruptions in the succensive years. 
Table V gives the number of the volcanic eruptions for each 
of the years 1894 to 1907, and for the sake of comparison, the 
total numbers of earthquakes (exclusive of teleseismic disturbances) 
observed in Japan during the successive years. 
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Tabic V. Yearly Xumtars of Volcanic Eruptions and 
Earthquakes in Japan. 1894-1907. 



Vnnr 


Nuniljer of 


Number of 


Vulcanic Eruptions. 


Earthquakes* 


1894 


17 

* • 


2,729 


1895 


8 


1,417 


1896 




1,906 


1897 


4 


1,727 


1898 


3 


1,561 


1899 


10 


1,682 


1900 


12 


1,831 


1901 


0 


1,615 


1902 


4 


1,401 


1903 


0 


1,242 


1904 


2 


1,142 


1905 


2 


1,901 


190<> 


3 


1,551 


1907 


1 


1,642 



(• Formosa excladul) 



From Figs. 7 and 8 (PI. Xlll), which graphically illustrate 
the results contained in Table V, it will be seen that the relations 
to time of the numbers of the eruptions and the earthquakes are 
rather alike to each other ; in each case the absolutely greatest 
number occurring in 1894, and a maximum in 1900. 

From what has been said in the foregoing §§, the volcanic 
activity in Japan seems to follow approximately that of earth- 
quakes. Tliis is in accordance with the fact that large volcanic 
eruptions and destructive earthquakes often take place in nearly 
the same epoch in different parts of a great seismic zone. 
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Annual Variation of the Volcanic 
Eruptions and Earthquakes in Japan. 




Fig. 1. 80 
recent Volcanic 
Eruptions. 
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Fig. 2. 113 
historical Volcanic 
Eruptions. 




Fig. 3. 193 recent 

and historical 
Volcanic Eruptions. 
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x = Time, in montlis. 

y = Monthly nnmW of volcanic eruptions in Japan. 
y' — Mean monthly percentage numlier of earthquakes 
of inland origin. 



Fig. 4. 
Earthquakes of 
Inland Origin. 
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Seasonal Distributions of the 
Volcanic Eruptions and Earthquakes in Japan. 



PL. XII 



Fig. 0. 193 Volcanic Eruptions. 




Fig. 6. Earthquakes of Inland Origin. 




y — Monthly number of volcanic ornptions in Jupr.n. 
y'= Mean monthly percentage nuuiW of wirtlyjualuw 
of inland origin. 
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Variations of the Yearly Numbers of the 
Volcanic Eruptions and Earthquakes in Japan. 



Fig. 7. Volcanic Eruptions. 
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Fig. 8. Earthquakes. 




y = Yearly number of volcanic eruptions in Japan. 

y'= „ „ ., earthquakes in Japan (Formowi excepted). 
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On the Annual Variation of the Height of Sea-Level 
along Japanese Coasts. 2nd Paper. 

By 

F. Omori, Sr. D., 

Member of the Imperial Earthqunlce Investigation Committee. 



With Pis. XIV-XIX. 



Introductory. In a previous note* I have considered the 
relation to the barometric pressure and the seismic frequency of 
the annual variation during 1002 of the height of sea-levol at 
Ayukawa and Misaki, which are situated on the Pacific coast of 
the Main Island. The present paper treats of the same relation 
for these two places during the year 1003, and also gives tho 
discussion of the sea-level observations during 1001 made at 
Choshi (province of Shimosa) on the Pacific side, and at the four 
Japan-Sea coast stations of Otaru, Iwasaki, Wajima and Hamada. 
The data relating to the mean monthly heights of sea level at 
Choshi are based on the report of the meteorological observatory 
at that town, while those relating to all the other places have 
been furnished by tho Survey Department of the General Staff of 
the Imperial Army ; the tidal measurement at each place being 
made by means of an automatically recording mareograph. The 
approximate positions of the different stations, which are shown 
in Fig. 1 (PI XIV), are as follows. 

* The " Publications of the Eorthqnnke Inv. Comm.", No. 18. 
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Latitude (N). 


T \ cr\ t nd<* f I* 1 ) 


Otaru. 


43° 


13' 


141° 01' 


Iwasaki. 


40 


30 


139 55 


Ayukawa. 


38 


18 


141 31 


Choslri 


35 


44 


140 50 


MLsaki. 


35 


10 


139 37 


Wajima (Wajima-zaki). 


37 


25 


13G 54 


Hamada (Sotonoiira). 


34 


55 


132 05 



Height of sea-level at Ayukawa and Mi&aki, in 1903, 

Table I gives the mean relative monthly heights of sea surface for 
1903 at Ayukawa (province of lUkuzen) and Misuki (province of 
Sagami), while Table TI gives the mean monthly atmospheric 
pressure for the same year deduced from the barometric ob- 
servations at the meteorological observatories of Ishinomaki and 
Yokosuka, respectively near to the two mareograph stations 
above named. 



Table I. Mean Montldy Relativo Heights of Sea Level at 
Ayukawa and Miaakl. 1903- 



Month. 


Ayukawa. 


Misaki. 


Mean. 










January. 


13l ram 


101°"" 


llG mm 


February. 


75 


GO 


G8 


^Ifircli. 


12 


0 


G 


April. 


0 


19 


10 


May. 


11G 


102 


109 


June. 


187 


185 


18G 
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Month. 


Ayukawa. 


Misaki. 


Mean. 


Julv 


mm 

257 


mm 

183 


220 mm 


Allgtwt 


23:t 


200 


220 


September. 


240 


190 


218 


October. 


220 


220 


220 


November. 


100 


191 


179 


December. 


187 


133 


100 


Table II*. 


Mean Monthly Barometric Heights at 


Ishinomaki and Yokosuka. 1903. 




Mouth. 


Lshiuomaki. 


Yokosuka. 


Mean 


January. 


700 + C2.4 


700 + 62.7 


700+02.6 


February. 


02.7 


03.0 


02.9 


March. 


04.2 


03.9 


04.1 


April. 


03.3 


03.1 


03.2 


May. 


00.0 


00.1 


00.1 


June. 


50.1 


55.9 


50.0 


July. 


50.5 


57.1 


50.8 


August. 


58.8 


58.9 


58.9 


September. 


01.2 


00.0 


00.9 


October. 


03.3 


o2.r, 


02.9 


Novemlier. 


03.4 


03.1 


03.3 


Decemlier. 


01.3 


01.8 


01.0 



The 2nd and 3rd columns of Table III give the relative 
monthly values of the heights of sea surface and of the atmos- 

• R«dnceri to «en level nnd the freezing point. 
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pheric pressure, respectively meanod from the Ayukawa and Misaki 
mareograph observations (Table I) and from the Ishinomaki and 
Yokosuka barometric readings (Table II), the figures indicated in the 
4th column being the relative total amount of pressure expressed in 
height of water column at the sea bottom itself, obtained by adding 
the aqueous and the atmospheric pressures as a novo deduced. 
From Figs. 2 and 3 (PI. XV), it will be seen that the annual varia- 
tion of the height of sea surface is on the whole opposite to that of 
the atmospheric pressure ; the sea water l>eing lowest in March, and 
the barometric height maximum in the same month. The total pres- 
sure at the sea l>ottom varied relatively lx'twcen 110 and MS mm, the 
maximum and minimum occurring respectively in Octobor and March. 

Table IV gives the data for 10<)i\ moaned from Ayukawa 
and Misaki, as well as the total pressure at the sea bottom 
averaged from the two years 1002 and 1903. As will be seen 
from Fig. 8, the annual variation of the latter quantity presents 
the maximum in October and the minimum in March and April, 
the amount of fluctuation being 104 mm of water column, or 14.3 
mm of mercury, which is about U times that of the fluctuation 
of the monthly mean of the barometric pressure. 

Table III. Mean Relative Monthly Heights of Sea Level 
and Barometric Pressure. Ayukawa and Miaaki. 1903. 



Mouth. 



Height of Sea 
Level. 



Barometric 
Pressure. 



Total Pressure 
at Sea Bottom.* 



January. 
February. 
March. 
April 



mm 



nun 



110 



fi.fi 

fi.9 
8.1 
7.2 



200 
150 



02 



o 
4 



110 (rain.) 
112 
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Mouth. 


Height of Sea 
J #vel. 


Barometric 
Treasure. 


Total Pressure 
at Sea Bottom*. 


May. 


■iiiii 

10$ 


Willi 

4.1 


iniii 

159 


June. 




0.0 


180 


July. 


'214 


0.8 


225 


August. 


214 


2.9 253 


September. 


212 


4.9 


279 


Octolwr. 


214 


6.9 


308 (max.) 


November. 


173 


7.3 


272 


December. 


154 


50 


230 



Table IV. Mean Relative Monthly Heights of Sea Level and 
Barometric Pressure. Ayukawa and Miaaki. 1902 and 1903. 



Mouth. 


Height of 
Sea Level. 
1902. 


Barometric 
Pressure. 
1902. 


Total 
Pressure 
at Sea 
Bottom* 

1902. 


Total Pressure 
at Sea Bottom.* 
1902-1903 
(mean.) 


January. 


mm 

125 


mm 

5.1 


■am 

194 


mm 

197 


February. 


0 


8.3 


111 (min.) 


134 


March. 
April. 


40 
74 


0.0 
4.0 


128 
128 


120 (mnU 


May. 


142 


3.2 


185 


172 


June. 


171 


0.2 


174 


177 


July. 


180 


0.0 


180 


200 


August. 


205 
248 


2.0 


240 


247 


September. 


2.5 


282 


281 


October. 


210 


7.9 


317 (max.) 


313 (max.) 


November. 


141 


9.3 


207 


270 


December. 


207 


4.8 


272 251 


• ExnresHed in 


ivlumn of wnttir. 
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Comparing Figs. 2 and 3 with the figures in the 1st paper (the Publi- 
cation*, No. 18), we see that the relation of the variation of the 
height of sea surface to that of the atmospheric pressure remained 
essentially identical in the two years of 1902 and 1903, the only 
difference being that the epoch of the lowest water and highest 
barometer occurred in 1902 in February, and in 1903 in March. 

In 1902, the amount of the fluctuation of the mean monthly 
values of the height of sea surface was 248 mm, while that of 
the atmospheric pressure was equivalent to 120 mm of column of 
water ; these two numbers being in the ratio of 197 : 100. In 
1903, tho amount of fluctuation of the height of sea water was 
somewhat smaller, namely, 214 mm, that of the atmospheric 
pressure being also smaller and equivalent to 110 mm of water 
column. These two latter nnmbers are in the ratio of 195 : 100, 
which is nearly equal to that for 1902. 

Observation at Choshl (1904)*. Tho following table gives the 
mean monthly values of the relative height of s«i surface and 
the atmospheric pressure at Choshi, near the Cape Inuboe, in the 
province of Shimosa. 



Table V. Mean Monthly Height of Sea Surface and 
Barometric Pressure at Choshi. 1904. 



Mouth. 


Height of Sea Surfiice. 


Daromotiiu Pressure.} 


January. 


mm 

•27 


mm mm 

700 + G2.6 


February. 


0 


63.6 



* This account of the C'houhi obHcrvntiou wiw iiltto given in thu "Tokyo Stigukn Bnttcnri 
Gnkkwai Kiji Gaiyo," Vol. I. 

X With gravity, sc-ei level, and IreeziiiR noint corrctUoiw. 
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Montli. 


Height of Sea Surface. 


Barometric Pressure. 


iuarcii. 


mm 
4 'J 


mm 
<')2 1 


April. 


27 


03.4 


May. 


78 


59.3 


June. 


48 


57.8 


July. 


130 


57.7 


August. 


190 


58.5 


iNjptcm 1 KM . 


23<i 


58.3 


October. 

• 


215 


(J1.4 


November. 


72 


61.2 


December. 


33 


01.9 



The above figures relating to the height of sea level and the 
barometric pressure have been deduced from the reading at 
G a.m. each day, during the year 1904. As will be seen from 
the above table, which is illustrated in Figs. 4 and 5 (PI XVI), 
the sea surface was highest in September and lowest in February, 
while the barometric pressure was highest in February and lowest 
in June to September ; the annual variation of the two quantities 
being approximately the reverse of each other, as was the case 
with Ayukawa and Misaki. 

The difference between the mean monthly maximum and min- 
imum heights of the se-i surface* was 23G mm, while that of the 
atmospheric pressure was equivalent to 86 mm of water column ; 
these two numbers being in the ratio of 275 : 100. 

Japan Sea coast*. The annual variation of the height of 
sea surface considered in the preceding §§ relates to three places 

• An nrtfmnt «*f the Japan Sen must oteervntions ha* boon given in the " Tokyo Sogaku 
Batumi Gokkwai Kiji Gaiyo," in 1903. 
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on the Pacific coast of Japan. Lot us now consider the same 
subject relative to the Japan Sea coast, there being on the latter 
the following four maroograph stations : — 

( i ) Hamada, in the province of Iwami ; 

(ii) Wajima, on the northern coast of the Peninsula of Noto ; 

(iii) Iwasaki, on the western coast of the province of Muten ; 

(iv) Ofc!irn, in tho province of Sliiribeslii (Hokkaido). 

Table VI gives the mean monthly values of the distance between 
the sea surface and the datum line in tho murcogram at each of 
the above mentioned places ; Table VII giving the mean monthly 
barometric pressures during the same year observed at the 
meteorological observatories of Hamada, Wajima, Aomori, and 
Sapporo. The two last cities have been chosen on account of 
their proximity respectively to Iwasaki and Otaru, there l>eiiig no 
meteorological observatory at these two latter places. Finally, 
Table VIII gives the mean monthly values of the relative height 
of sea surface and of the atmospheric pressure, deduced from 
Tables VI and VII respectively. 



Table VI. Mean Kelative Monthly Position of tho Sea Surface. 

Japan Sea coast. 1902, 



Month. 


Ilelative distance between tho sea surface and the 
datum line of the Mareogram. 


Hamada. 


Wajima. 


Iwasaki. 


Otara. 


Mean. 


January. 


mm 

307 


in in 

22<; 


mm 

180 


mm 

159 


. _ 

mm 

218 


February. 


39G 


330 


317 


278 


330 


March. 


319 


305 


277 


225 


282 
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Mouth. 


liolative diHtance betweon the 
datum line of the in 


sea surface and the 
areogram. 


Hamada. Wajiina. 


Iwasaki. 


Otaru. 


Main. 


April. 


nun 

307 


mm 

289 


mm 

•211 


mm 

1G2 


mm 

242 


May. 


110 


154 


135 


119 


139 


Juno. 


117 


109 


136 


93 


114 


July. 


S3 


09 


112 


103 


92 


August 


31 


25 


79 


79 


54 


September. 


0 


0 


0 


70 


18 


October. 


112 


73 


107 


0 


73 


November. 


200 


180 


170 


6G 


156 


December. 


192 


158 


155 


89 


149 



Table VII. Moan Monthly Harometrie Pressure*. 
Japan Sea coaMt. 1902, 



Mouth. 


Hamada. 


Wajima. 


Aomori. 


Sapporo. 


January. 


rum 

764.4 


mm 

763.6 


mm 

760.3 


mm 

757.22 


February. 


66.5 


66.1 


63.3 


60.09 


March. 


62.5 


63.1 


(51.6 


59.27 


April. 


60.(5 


61.2 


58.4 


55.20 


May. 


57.5 


58.7 


58.3 


5(5.32 


Juno. 


54.4 


56.1 


56.1 


62.23 


July. 


55.0 


55.7 


56.0 


55.06 


August 


55.8 


57.4 


59.0 


57.78 


September. 


56.5 


57.1 


58.7 


57.90 


October. 


63.8 


64.2 


64.3 


(J2.24 


November. 


65.1 


65.7 


65.1 


62.79 


December. 


62.5 


62.2 


61.1 


59.66 



* lUalucrd to tlm frwzinK jK>int iiml the' sen level. 
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Tabic VIII. Comparison of the Height of Sea Surface 
with the Barometric Pressure. 
Japan Sea coast. 1902. 



Alontu. 


Relative Height 
of Sea Surface. 


Relative Baro- 
metric Pressure. 


Relative Total 
Pressure at the 
Sea Bottom. 




mm 


mm 


— 

mm 


January. 


112 


5.94 


193 


February. 


0 


8.76 


119 


March. 


48 


6.17 


132 


April. 


88 


3.41 


134 


May. 


191 


2.26 


222 


June. 


200 


1.77 


230 


July. 


238 


0.00 


238 


August. 


276 


2.05 


304 


September. 


312 


2.11 


m 


October. 


257 


8.20 


368 


November. 


176 


8.98 


298 


December. 


181 


5.93 


262 



As will be seen from Table VI, the sea-level was lowest in 
February, and highest in September or October. The annual 
amounts of fluctuation of the mean monthly height of sea-level 
at Hamada, Wajima, lwasaki ami Otaru were respectively 3D6, 
330, 317, and 278 mm, decreasing from the south to the 
north. 

From Table VIII, the annual variation of the barometric 
pressure will be seen, as in the case of the places on the Pacific 
coast, to be nearly the reverse of that of the height of sea- 
level. Now the amount of lluctuation of the mean monthly 
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barometric pressure, averaged from the observations at Hamada, 
Wajima, Aoraori, and Sapporo, was 8.98 mm, which coiTesix)iids 
to 8.98 x 13.6=122 mm height of water. On the other hand, the 
annual fluctuation of the mean monthly height of sea-level, averaged 
from the observations at the four places of Hamada, Wajima, 
Iwasaki, and Otaru, was 312 mm. Along the Japan Sea coast, 
therefore, the fluctuation of the height of sea surface was opposite 
to, and nearly 2.G timos larger than, the corresponding fluctuation 
of the barometric pressure. In other words, the sea bottom is 
subjected to a greater total pressure in the summer months than 
in February, March, and April, the difference between the maximum 
and minimum total pressures ljeing equal to 249 mm of water 
column, which is equivalent to 18.3 mm of mercury, and almost 
exactly twice the amount of fluctuation of the barometric pressure. 
The results containnd in Table VIII arc illustrated in Figs. 0,7, and 9. 

Comparison of the observations on the Pacific and Japan 
Sea coasts. According to the observations in 1902, the variations 
during the year of the height of sea surface and the barometric 
pressure on the Pacilic and Japan Sea coasts were as follows : — 



(A). Amount of Fluctuation of the Mean Monthly Values. 1902. 



Place. 


Barometric Height of Sen 
Pressure. Surface, 
(mercury colttmu) (wnter column) 


Total Pressure 
nt Sen Bottom, 
(water column) 


Pacific Const, 


)ii it) 

9.3 


t 

mm 

248 


2(xT 


(Aynk*WH and Miwiki) 








Japan Sen Const 


8.9S 


312 


249 


(Hnmnaii, Wnjinw. 









Iwwaki. Otarn). 

; 
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Again from the observations in 1903 and 1904, we obtain 
the following results. 



(B). Amount of Fluctuation of the Mean Monthly Values. 
Pacific Coast. 1903 and 1904. 



Place 


Barometric 
Pressure. 


Height of Sea 
Surface. 


Total Pressure 
at Sea Bottom. 


Ayukawa, Misaki . . 
1903. 

Choslii 1904. 


(mercury columu) 

H.f" 
«.3 


(water column) 

mm 

214 

23(> 


(water column) 

198 mm 
224 



The relation lietwecn the heiglit of sea surface and the 
barometric pressure, which may change from year to year dermis 
without doubt on geograhphical features of a given coast. But. 
according to the two above tables, the different fluctuations were 
contained within fairly uniform limits, the annual variation of the 
height of sea surface being from 214 to 312 mm, and that of 
the total pressure at the sea l>ottom from 198 to 219 mm. 
There was no marked difference in these respects between the 
Pacific and Japan Sea coasts. Taking the simple averages from 
(A) and (B), we obtain the following moan values of the annual 
variation : — 

Barometric Pressure 8.17 mm of mercury = 111 mm of water. 

■ Height of Sea Surface 253 mm of water. 

Total Pressure at Sea Bottom. . 219 mm of water. 

Thus the amount of fluctuation of the total pressure at the sea 
bottom was 219 mm, which is greater than that of the barometric 
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pressure in the ratio of 197 : 100, or very nearly in the ratio of 
2:1. The sea bottom pressure is maximum in October or Sept- 
ember, and minimum in February to April. 

The increase during the summer months in the height of 
sea level, as above described, is to be explained, partly by the 




fall in that epoch of the year of the barometric pressure over 
Japan and the neighbouring seas, and partly by the presence of 
a high pressure centre on the northern Pacific in the vicinity of 
the Aleutian Islands. Thus, if b and c (see the annexed diagram) 
represents the normal, or mean, level of the sea, the latter will 
be depressed to V and r through tin; influence of the high 
pressure area at c, and elevated along the coasts of Japanese 
Islands under the influence of the low pressure at a, the result- 
ing equilibrium surface of water being a curved form, b' and c'. 
Similarly the decrease of the height of sea level in the winter 
months is to bo explained by the rise of the barometric pressure 
over Japan and the presence of a low pressure centre on the 
Northern Pacific. It is probable that the co-existence of the 
centres of high and low barometric pressures respectively over 
the land and the ocean (or vice versa) causes, by the superposition 
of the effects, the amount of the annual variation of the height of 
sea to be approximately double that of the atmospheric pressure. 

Seismic frequency and total pressure at sea ftottom. 
To compare the annual variation of the frequency of earthquakes 
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of submarine origin with that of the total pressure at sea bottom, 
I indicate in the following table the mean monthly percentage 
numbers of earthquakes for Nemuro, Miyako, Ishinomaki, Kochi. 
and Hamada ; tlie figures toing based on the data given in the 
"Publications of the Earthquake Inv. Comm.", No. 8. Of these 
five places, each of whicli is disturl>ed mostly by earthquakes of 
submarine origin, the first four are situated on the Pacific coast 
of Japan, and the remaining one on the Japan Sea coast. 



Table IX. Annual Variation of Seismic Frequency. 



Month. 


Nomuro. 


Miyako. 


Isltiuo- 
mnki. 


Kochi. 


Hamada. 


Mean. 


January. 


(5.5 


0.2 


4.1 


0.9 


0.8 


5.9 


February, 


0.5 


4.4 


5.7 


11.7 


0.8 


0 5 


March. 


7.7 


8.1 


5.3 


9.3 


0.8 


7.8 


April. 


7.8 


10.0 


8.1 


9.3 


3.3 


8.1 


May. 


9.4 


0.9 


8.1 


4.8 


3.3 


7.1 


June. 


9.4 


9.0 


t.a 


10.5 


3.3 


8.2 


July. 


9.0 


12.2 


11.5 


8.1 


3.3 


9.8 


AngUHt. 


8.0 


12.1 


13.2 


0.9 


13.3 


10.9 


Sept smber. 


8.4 


5.3 


10.5 


5.7 


10.0 


8.0 


Ootolwr. 


9.4 


9.7 


8.4 


8.1 


20.0 


10.4 


November. 


8.4 


9.0 


11.0 


8.1 


10.0 


9.4 


Decomber. 


8.8 


G.9 


0.8 


10.5 


13.3 


8.0 



The mean* seismic frequency, given in the last column of the 
above table, has l>een deduced from the figures for the five 
different places ; the weight of the data relating to Kochi and 
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Hamada, whose earthquake numbers were not numerous enough, 
lH'ing taken as half of that for the others. The annual variation 
<>f the moan seismic frequency thus obtained is illustrated in 
Fig. 11. while that of the relative total sea l>ottom pressure, 
deduced by taking the means of the results relating to the 
Pacific and Japan Sea coasts is illustrated in Fig. 10 

From a comparison of Figs. 10 and 11, it will be seen that 
the frequency of submarine earthquakes follows, on the whole, 
the variation of the total pressure at the sea bottom. Thus, the 
earthquake nnmlier is minimum in January and February, and 
maximum in August, and the sea bottom pressure is minimum in 
February to April, and maximum in Septemlier and October. 

Stronger earthquake* of submarine origin. The seismic 
frequencies considered in the preceding § relate essentially to 
small ordinary, or non-destructive, earthquakes and may there- 
fore, in their annual variation, 1m> different from those of shocks 
which are large. Thus, for instance, taking the 310 stronger 
earthquakes, which happened between 1002 and 1000 oflT the 
coasts of Japan, and whose land area of disturbance was, with 
a few exceptions, greater than 1.000 square >7 ! \ we find:— 



Table X. Annual Variation of Stronger Submarine Earthquakes. 



Month. 


Numlx'r of 

EqkftH. 


Month. 


Xnmlwr of 
Eqkes. 


January. 


25 


July. 


38 


February. 


30 


August. 


27 


March. 


2f, 


Septemlttr. 


22 


April. 


10 


Octoljer. 


28 


Mar. 


28 


Novomltor. 


20 


•Tune. 


21 


Decamljer. 


27 



• 1 rim VJ-n km. nwirly. 
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The annual variation of those larger submarine eartl»quakes, 
illustrated in Fig. 12, indicates the maximum in February, ami 
is, on the whole, opposite to that of the small shocks. 
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Annual Variation of the Height of 
Sea Surface and the Atmospheric Pressure. 

Ayukxwa and Misaki, igoj. 



Fig. 2. Atmospheric Pressure. 
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Fig. 8. Height of Sea Surface. 
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Annual Variation of the Height of 
Sea Surface and the Atmospheric Pressure. 

Choshi, igo4- 



Fig. 4. Height of Sea Surface. 




Fig. 8. Atmospheric Pressure. 
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Annual Variation of the Height of 
Sea Surface and the Atmospheric Pressure. 

Japan Sea Coast, igo2. 



Fig. 6. Atmospheric Pressure. 
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Annual Variation of the Total Pressure 
at the Sea Bottom. 





Annual Variation. 



PL. XIX. 



(mm ) 




Fig. 10. 
\. Relative Total Prfvwnre 
at Sea Bottom. (Pacific 
and Japan Sea Coast.) 



Fig. 11. Eqke Frequency. 
(Nemuro, Miyako, 
Ishiuomaki, Kochi, 
and Hamada). 



Month . 



Fig. 12. 
Frequency of Stronger 

Eqkes of submarine 
origin. (Whole Japan.) 



!/«//•//// . 
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Note on the Annual Variation of the Height 
of Level of Lake Biwa. 

By 

V. Oniori, S««. I)., 
Member of tho Imperial Earthquake IiivcHtigutiuu Committee. 

With Pis XX-XXI. 



The Tiuke of Biwa'*, in the province of Omi, is the largest 
of the sort in Japan and is situated near the middle of the Main 
Island ; its surface being about 80 metre* al>ovo the mean sea 
level, and its area 40.5 square n'J, or 717.2 sq. km. The observa- 
tion of the water level along the coast of the lake was made, during 
the 12 years, 1803-1004, at 22 stations, to which, since 1005, nine 
more were added ; the datum line l>eing 282.53 shakn or 85.01 metres 
above the mean sea level at Tenpo-san, Osaka. The mean height 
of the surface of the lake water for each month during the 14 
years, 1X03-1000, obtained by taking the average of tho measure- 
ments at the different places, is given in Table I. 

From Table 1 it will be observed that the water was 
highest mostly in December and January ; the amount of the 
fluctuation, or tho difference between the maximum and minimum 
monthly heights, varying between 8.18 xhaku ( = 248 cm) and 1.40 
xhaku (_= 42 cm.). The extreme monthly heights of the water level 

* An ficoumt nf tlu- ^irtluimik.! aom* unniiul ih« Itiwn Luko lma beta given iu tho 
lSulMin, Vol. 1. X... :i. 

t 1 ri-i-.Vi -/,u-i.i mil..'*, <>r y.'.»27 km. 
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and their difference in each of the 14 years under consideration 
are given in Table II. 



Table I. Mean Monthly Height of the Txjvel of I /ike Biwa*. 

1*1)3-1 90U. 



VolUl. 

y«»r. 


I 


*U 


III 


IV 


V 


VI 


vu 


vin 


IX 

1 


x 


XI 


XII 


Mftn. 


181)3 








3.71 


3.1)3 


3.90 2.C2 


1.7ft 


2.00 




0.2O 


•2 it 

6.11 


-1 81 


1801 


2.24 


2.13 

i 


2.49 


3.44 


3.47 


2.;w 


135 


0.77 


0.(16 


0.28 


0.28 


I. HI 


1805 


0.H1 


0.98 


2 01 


2.39 1.78 


1.10 


3.12 


r..i8 


3.01) 


2 Hi 


2 10 


111 


2.11 


IH Mi 


1.5H 




2.34 


3.23 


3.20 


2.42 


5.i a 

2.80 


:,.«3 


9.74 


7.22 


4.51 


3.73 


1.20 


mi 


3.05 


2.02 


2.07 


3.52 


3.98 


3.05 


2.05 


2.5!) 


3.72 


2.24 


1.77 


2.8H 


1808 


1.90 


2.30 


2.40 


2.28 


1 1»5 


2.12 


2.H9 


1.52 1.71 


1.50 


0.1*3 


l.i:i 


187 


iwo 


1.(71 


2.19 


3.45 


3.07 


2.21 


2.02 


2.15 


1.83 


3.18 


4.2!) 


2.1)5 


1 

1.70 


2 57 


11)00 


1.40 


1.(12 


l.fiO 


2.72 


3.1(5 


1.03 


1.7H 


1.02 


1.80 


2.77 


2.23 


1.90 


2.05 


1001 


1.74 


1.48 


1.25 


1.71 


1.44 


0.70 


2.50 


1.70 


OX) 


0.24 


0.17 


0.04 


1.10 


1002 


-0.05 


O.OCi 


0.17 


1.10 


2.23 


1 99 


1.02 


2.:i3 


1 15 


1.23 


0 41 


-0.11 


101 


100:1 


0.3i 


1.7H 


0.83 


2.10 


2.10 


2.34 


4.27 


2.5)0 


0.52 


0.5H 


0.35 


0 43 


1.5H 


1904 


0.45 


0.24 


0.58 


0.48 


0.!U 


0.9 1 


2.22 


1.24 


1.52 


1.02 


0.1)4 


0.80 


1.02 


191)5 


1.33 


1.11 


I HO 


1.37 


1.17 


1.29 


2.1)3 


2.30 


1.73 


0.37 


0.08 


-41.02 


1.30 


idim; 


1.00 


1.55 


l.on 


1.27 


D.fll 


0.67 


2.01 


1.17 


1.05 


1 55 

, 


1.25 


0.78 


1.23 




1.43 


1.00 


1.88 


2.31 


2.32 


1.04 


2.05 


2.36 2.32 


2.23 


1.52 


._ 
1.17 


1.1)8 



* 'Liu.: heights Jin- ixikthscI in s/mk n (1 sbil >« - niotn.), U»« ilnlwm line bdiiK 
282.53 ,\/kiAu nlNjvt- tlio main n«i kvil nt 1Vmi«>-niii. Osilut. 
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Annual Variation : the Height of Surface of 
Lake Biwa compared with the Amount of 
Precipitation and Barometric Pressure. 



PL. XX 




Fig. I. Height of 
the Surface of 
Luke Biwa. 



Month-. 



.too 



tmmt 




Fig. 2. 
Precipitation at 
Hikone and Kyoto 



Month . 



770 



760- 



7A0 




Fig. 3. 
Barometric 
Height at Hikone. 



Mnnth . 
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Annual Variation of the Seismic Frequency 
and the Pressure at the JLake Bottom. 
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Table II. Maximum and Minimum Heights 
of the l^akc Water. 



Year 


Maximum Height. 


Miuimani Height. 


Different*;. 

• - 










1 

1 

All 




1893 


• i.Jli 


(Ala\ > 




(AUg.t 


2.17 


189-1 


:M7 


( * ) 


0.20 


(Nov.) 


3.27 


1895 


0.18 


(Aug.) 


0.0 1 


(Jan.) 


5.57 


1H9i; 


9.74 


(SepU 


1.50 


( .. ) 


8.1M 


1N97 


.5.98 


(May) 


1.77 


(!**••) 


2.21 


1898 


2.09 


(July, 


0.90 


(Nov.) 


1.7:5 


1899 


1.2!) 


(tk-U 


1.07 


(JlUl.) 


2.02 


1900 


:uo 


(May) 


1.49 


( ) 


1.07 


1901 


2.50 


(J«ly) 


0.0 J 


(Dot., 


2.52 


1902 


±n:\ 


(Aug.) 


-0.11 


( M ) 


2.44 


1903 


1.27 


(Julv) 


u.:u 


(Jaa.) 


3.90 


19U4 


2.22 


( n ) 


0.21 


• Feb.) 


1.98 


1905 


2.93 


i « ) 


0.02 


(IXxm 


2.95 


1900 


2.01 


( ) 

1 


0.01 


(May) 


1.40 



In the following table 1 give the average heights of the lake 
water for the different months of the year deduced from Table 
I, and also the mean monthly barometric heights observed at the 
meteorological observatory of Ilikone, which is situated on the 
south-eastern coast of I^ake Miwa. 
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Tabic III. Annual Vacations nf tlio Height of Lake Water, 
and of the Barometric Pressure at Hikone. 





Lake Level 


Barometric Pressure. 


Total pressure at 
the Lake Bottom. 


AT - It 

Mouth. 


(*) 

menu 
H«-i«ht. 


<U) 
lU-lntive 
Height. 


(Hi) 
Monthly 
mean. 


1 

(iv) 
\ nrmtinn. 


(V) 
Simp mi 

|iv), expmwwl 
in etfniviilent 
txiliitnti of 


(vi) 
Sum of 
(ii)nnd (v) 


(vii) 
Itobitiv.- 
Viirintion. 


I 


Jhaku 

1.43 


-■ 

0.26 




in in 

764.5 


mm 

6.9 


0.31 


_ . — . 

0.57 


0.25 


II 


1 Cf 

l.M> 


A A ft 


64.7 


T 1 


ft 






m 


1.88 


0.71 


63.9 


6.3 


0.28 


0.99 


0.67 


IV 


2.31 


1.14 


61.9 


4.3 


0.19 


1.33 


1.01 


V 


2.32 


1.15 


59.8 


2.2 


0.10 


1.25 


0.93 


VI 


1.94 


0.77 


57.6 


0.0 


0.00 


0.77 


0.45 


VII 


2.65 


1.48 


57.6 


0.0 


0.00 


1.48 


1.16 


VIII 


2.30 


1.19 


57.8 


0.2 


0.01 


1.20 


0.88 


TX 


2.32 


1.15 


59.8 


2.2 


0.10 


1.25 


0.93 


X 


2.23 


1.06 


63.0 


5.4 


0.24 


1.30 


0.98 


XI 


1.52 


0.35 


64.8 


7.2 


0.32 


0.67 


0.35 


XII 


1.17 


0.00 


64.7 


7.1 


0.32 


0.32 


0.00 



With regard to the annual variation of the lake level, we 
sec, from (ii), Tabic 111, that the difference between the maximum 
and minimum monthly heights was 1.48 slut kit ( = 44.1) cm.), the 
corresponding change in the volume of the water of the hike 
being 1 0 s x 3.22 cubic metres or about 0.322 cubic km. 

As will be seen from the graphical illustration in Fig. 1 
(PI. XX), the level was higher in April to October than during 
the other mouths, and its annual variation is nearly opposite to 
that of the barometric pressure (Fig. 2). The amount of lluctua- 
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tion of tho monthly mean of the latter is, however, only 7.2 mm 
of mercury ( = 0.32 thaku of water), or al>out one-fifth of that of the 
former ; tlie annual variation of the lake level depending probably 
almo.st entirely on the preeipitation in the .surrounding districts. 

The following table gives the average monthly amount of 
precipitation at Hikone and at Kyoto, the latter place l»eing 
situated some distance to the smith-west of the Lake of Hiwn. 



Table IV. Precipitation at Hikone and Kyoto. 



Month. 


Hikone 


Kyoto 


Mean 


Jimuurv 


mm 


mm 


mm 


70.8 


52.4 


04.0 


Fobnuirv 


107.4 


02.7 


85.1 


Miuvli 


145.0 


114.3 


129.7 


April 


12(5.1 


108.3 


147.2 


Mny 


77.0 


148.3 


112.7 


Juno 


1K8.7 


240.5 


214.0 


July 


135.5 


182.7 


159.1 


Angnst 


189.7 


120.9 


155.3 


September 


93.4 


157.4 


125.4 


October 


137.4 


135.8 


130.0 


November 


82.7 


86.0 


84.7 


December 


101.5 


50.1 


75.8 



As illustrated in Fig. 2, the annual variation of the precipi- 
tation at Kvoto and Hikone is verv similar to that of the height 
of tho lake surface (Fig. 1 ). 

Annual variation of Hetumlc frequency at Hikone* 
The monthly number of eurthquakos observed instrumental!}* at 
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tho meteorological observatory of Hikone, between 1804 and 
1907, are as follows. 



Table V. Monthly Earthquake Numbers at Hikone. 



- v ioni ll< 
Vt»r. 


I 




III 


,v 


V 


VI 


VII 


VIII 


IX 


X 


XI 


xn 




1894 


Art* 
20* 


c 


• t 


o 


■ ~ 

2 




8 


■> 


t 

1 


4 


• 1 


o 




1895 


11 


1 


2 


« 


2 


1 




1 


7 


7 




n 


51 


1890 


4 


1 


a 


t 

in 


0 


13 




X 


1 


1 


J 


2 


:.k 


1897 


■i 
•» 


r% 
•* 


4 


- 


•i 
■i 


1 


0 




1 






0 


31 


1898 


1 


« 


n 


2 


0 


0 


0 


4 


II 


1 




0 


10 


18»!) 


:t 


9 




2 


5 


2 


i 


• 

U 




o 


4 


1 


30 


1900 


l 


o 


2 


I 


2 


a 


a 


1 




,; 




3 


31 


1901 


2 


2 


i 


l 


1 


i 

i 


3 


0 


; 


0 


! 


0 


n; 


1902 


S 


1 


a 


0 


a 


I 

4 


a 


1 


2 


1 




0 


19 


1903 


1 


1 


:i 


0 


0 


0 


4 


.! 


• 


■ 




1 


12 


1904 


1 


0 


1 


1 


2 


3 


0 


i 


1 


1 


; 


0 


12 


1905 


1 


1 


1 


0 


0 


4 


0 


5 

5 


1 


4 


0 


3 


20 


1UO0 


o 


a 




5 


5 


1 


3 


1 


2 


1 

I) 


0 


32 


1907 


a 


4 






5 


4 


1 




1 


3 


1 


II 


33 


M»nt. 


2.9 


1.8 


2.3 


3.1 


2.5 


31 


2.0 




1.5 


2.3 


2.0 


1.0 





As shown in Fig. 1 (PI. XXI), the annual variation of the 
seismie frequency at Hikone indicates tho maximum in August, 
differing in this respect from those for the other stations, such 
as Kvoto, Xagova, and Kumamoto, which are shaken more bv 
earthquakes of inland origin, and whose seismic frequency is 
generally minimum in Summer j;. Now, according to Table III, 

• F*oliKle<l in ilerinriug tho nu-im fwnnoney, Wing tine in the nhnndnnce (if rifter-tihooks 
of the nevcre Mino-Ownri enrthqunke of .Inn. 10, 1894. 
% See the " rubli.titiwiK," No. 8. 
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the total pressure at the lake bottom, or the sum of the water 
and atmospheric pressures, is maximum in July, and its annual 
variation is somewhat similar to that of the height of the water 
level. The change of pressure at the bottom of the lake, whose 
mean annual amplitude is 1.16 shaku ( = 35 cm), or 3.6 times 
greater" than that of the barometric pressure, may possibly bo 
the cause of the annual variation of the seismic frequency pecu- 
liar to Hikone. 
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List of the Stronger Japan Earthquakes, 

1902-1907. 



By 

F. Oniori, Sc. D., 

Member of the Imperial Earthquake Investigation Committee. 

The total number of earthquakes, which originated in or 
about Japan during the last six years, 1002 to 1907, was 
0,628, giving the average yearly frequency of 1,605, as 



follows .— 

Ywir. Xnmlier <tf mikes. 

1902 1,488 

1903 3,349 

1904 1,230 

1905 1,963 

1906 1,792 

1907 1,80(5 



Among these earthquakes which were mostly slight and local, 
there were 621*, which were extensive, and whose land area of 
motion, as observed with ordinary (iray-Ewing-Milne type seis- 
mographs, was over 1,000 square ri (1 ri= 3.927 km). The an- 
nual frequency of these larger earthquakes varied between 70 
and 132, as follows : — 

* Including n few typical earthquakes of inland origin, whore nren wns between 500 nnd 
1,000 m\. rl. 
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Monthly and Yearly Numbers of Larger Earthquakes. 
Whole Japan. 1 002— 1907. 



^"^v. Year. 
Moiitlu\ 


, 1902 


1903 1904 

- 


1 
1 

1905 


1900 

1 


1907 


Sum. 


January. 


10 


1 

5 2 


7 


1 

14 


7 


45 


February. 


13 


11 2 


14 


8 


5 


53 


March. 


11 


10 10 


0 


20 


15 


72 


April. 


4 


r, 9 


7 


14 


12 


51 


May. 


13 


2 10 


5 


19 


9 


58 


June. 


5 


4 9 


29 ♦ 


3 


•1 


54 


July. 


8 


10 13 


14 


7 


8 


00 


August. 


4 


7 8 


9 


10 


(5 


44 


September. 


8 


8 0 


13 


5 


8 


48 


October. 


4 


3 8 


12 


12 


11 


50 


Novemlier. 


7 


5 0 


5 


10 


9 


•12 


Decetnl)er. 


8 


0 0 


11 

1 


' 5 


7 


44 


Sum. 


95 


7G 89 


132 


128 


101 


021 



The unusually largo monthly number of 2!) for June H)()."> (marked 
with an asterisk) was due to the occurrence of the strong O-shima 
and Inland .Sea earthquakes and their after-shocks. The average 
yearly seismic frequency is about 104, or at the rate of nearly 
twice i>er week. 

The land area of sensible motion of the 021 earthquakes 
under consideration varied between about 100 sq. ri to over 20,000 
sq. /•*, the numbers of the shocks of different extension being as 
shown in the following table. 
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Numbers of Earthquakes of Different Land Areas of 

Sensible Motion. 



Land areii of sensible 


Nnmlier of 


Jjmd urea of sensible 


Nund>er of 


motion. 


earthquakes. 


motion. 


earthquakes 


-._ .. ,-— - — 

under 500*" 


58 


— . ... — 

7,501- 8,000 rt 


0 


noi — t.ooo 


112 


8.001— 8,500 


7 


1,001 1,500 


80 


8,501— 9,000 


4 


1,501—2,000 


82 


9,001— 9,500 


1 


2,001 -2,500 


59 


9,501— 10,000 


1 


2,501—3,000 


30 


10,001 10,500 


3 


8,001-3,500 


35 


10,501—11,000 


4 


3,501—1,000 


23 


11,001—11,500 


1 


4,001—4,500 


22 


11.501— 12,000 


2 


4,501 5,000 


10 


12,001-12,500 


1 


5,001-5,500 


15 


12,501— 13,000 


o 


5,501— 0,000 


19 


13,001-13,500 


0 


6,001 (1,500 


8 


13,501— 14,000 


1 


6,501-7,000 


10 


14,001-14,500 


1 


7,001-7,500 


7 


14,501— 15,000 
20,501-21 ,000 


0 

• 
■ 

i 



Confining our attention to those earthquakes, whose land area 
of semibl " motion was over 500 sq. ri, we see from the above 
table that the areas of the majority of these are included between 
501 and 6,000 sq. ri. Especially, the earthquakes of the area 
between 501 and 2,000 sq. ri were numerous, and their total 
number, namely, k J80, is very nearly equal to that of all the 
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shocks of the arca between 2,001 and 21,000 sq. ri, namely, 283. 
Very extensive disturlwnees happened of course not very frequently, 
and there were only 10 earthquakes, whose area of sensible 
motion was over 0,001 sq. ri. 

l'l. XXII graphically illustrates the variation of the frequency 
of earthquakes of the different land areas of sensible motion. 
The mean curve seems to l>o approximately a logarithmic curve, 
becoming quickly asymptotic with the increase of the area. 

The accompanying list, which has been compiled, with a few 
corrections, from the seismological notes in the successive monthly 
numl>crs of the "Kisho Yoran " (Weather Jteriew) published by 
the Central Meteorological Observatorv, gives for each of the (521 
strong and moderate earthquakes under question, the following 
particulars :— 
(1). Date. 

1/2). Approximate time of earthquake oct-iinence at the epicentre. 

The time used is that of longitude 13*>° K. of Greenwich, namely, 
the 1st Normal Japiu Time. 

(3) . Approximate indieation of the portion of the earthquake origin. 

(4) , (")). Longer aud shorter axes of the land area, within which the 

motion was intense enough to 1m> reeonled by the ordinary Gray- 
Ewiug-Milue type seism* »graphs . the seismic distnrl»aiiee lieing 
witaiUc only in a pDrtion of the region thus determined. 

((J). I^and jirea of disturlmnee of stromj motion. 

(7). „ , „ moderafr „ 

(X). i " M'jM 

(0). Total, laud area, within which the earthquake motiou was «««We 
this being equivalent to the sum of ((>), (7), and (8;. 
The length ami area are expressed in ;•/ and square /•/ respec- 
tively. These may be converted into kilometers and miles by 
the following relations : — 
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11 ri =3.93 km =2.44 miles. 
1 sq. ri= 15.42 sq. km =i>.9T» *]. miles. 

For the names and positions of the different provinces, the reader 
is referred to the key map of Japan given in the " Bulletin," 
Vol. I, PI. XXVII. 

The intensity of ordinary, or non-destructive, sensible motion 
is here indicated as " strong," " moderate," or " slight." A 
slight " shock is one which is very feeble and just strong 
enough to be felt ; a " moderate " shock is one whose motion is 
well pronounced, but not so severe as to cause? general alarm ; 
and, finally, a " strong " shock is one which is sufficiently intense 
to cause people to run out of doors, to throw down furnitures, 
to produce slight cracks of walls, etc. 

021 STRONGER JAPAN EARTHQUAKES. 1902-1907. 
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Off Cni* Erimo (Hi.lukn). 


230 


120 




270 


850 


1,120 


■ • 


9 08 


n.m. 


Outside the Rikuzon Ibiy. 


90 


50 




10 


310 


350 


5 


3 41 


a.m. 


Vicinity of Lake Bivn. 


? 


130 


490 


2,470 


1.740 


4,700 


7 


11 a* 




OntKide the Rikiizen Hay. 


80 


50 




70 


230 


300 
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F. Omori : 



(1) 




(3) 


Total area 
liHtnrUi 


Area of 
Hcnmble motion. 


Dnte. 


Time of 

OCCTOTCUCO. 


Origin of 
tlinfnrbnnce. 


(4) 

Longer 


(6) 
Shorter 


(6) 
motion 


(7) 
nvMlon 


(8) 

mnttoo 




(») 

Sum 




1905 

Feb. 7 


— ... 

0»33 n ' p.m. 


HE. part of Mino. 


ri 

VAT 


ri 
25 


aq. ri 


aq. r» 
120 


ftq. ri 
280 


Hq. ri 
400 


>• 


2 47 p.m. 


Off the court of Iwnki. 


130 


70 


— 


140 


990 


1.130 


11 


7 06 a.m. 


!*>. 


90 


no 


— 


•60 


760 


820 


H 


10 55 p.m. 


Do. 


110 


60 


— 


40 


930 


970 


17 


3 27 H.m. 


Out«i«le the Rikuwm liay. 


120 


50 


— 


10 


1,080 


1.090 


>■ 


ft 44 p.m. 


Off the oowrt of Iwnki. 


130 


80 


190 


660 


1,160 


2.010 


21 


2 24 p.m. 


„ CftjM- Erimo (Hiilaka). 


280 


150 


— 


500 


3,150 


3.650 


26 


8 45 p.m. 


,. the E. conut of Mntrm. 


200 


120 




510 


1,390 


1,900 


27 


1 19 B.IIJ. 


Off Chdshi (Shim.™). 


80 


40 




30 


260 


290 


28 


11 01 p.m. 


Bay of Wnkniin. 


90 


no 


— 


230 


880 


1.110 


March 4 


9 18 p.m. 


Bay of China iTokyo Day). 


110 


60 




400 


720 


1.120 


0 


6 08 ft.m. 


Urafpi Channel. 


10 


40 


— 


210 


800 


1.010 


>> 


10 32 a.m. 


Off the coast of Kikuzen. 


110 


70 


— 


140 


360 


500 


13 


0 4« p.m. 


Hynga. 


80 


00 


— 


30 


410 


470 


16 


11 54 p.m. 


ltnngo Strait. 


120 


60 


40 




910 


1,520 


18 


4 40 n.m. 


May of Toyama (Etchn). 


130 


100 


20 


800 


1,180 


2.060 


April 6 


11 10 a.m. 


Off the 8E. eoiwt of Kuuanhiri. 


150 


HO 


10 


200 


680 


890 


10 
13 


9 30 p.m. 
10 04 p.m. 
6 02 p.m. 


E. part of Murtanhi. 

/Off the cm* of Taito 
l(FormoHn). 

Vicinity of Yokohama. 


80 
100 
140 


50 
80 
60 


150 


940 
650 
420 


1.770 
1,500 
470 


2.710 
2.150 
1.040 


16 


8 05 a m. 


Off (.'ape Shiriya (Muten). 


150 


120 


190 


850 


1,000 


2.010 


18 


0 21 *.ra. 


Sea of Aki. 


tiO 


20 


50 


260 


830 


1.140 


21 


5 15 a.m. 


K. part of Musiwhi. 


130 


60 




770 


790 


1.500 


May 9 


2 54 n.ra. 


Off the cm* of Hitmtoi. 


200 


140 




170 


1.200 


1,370 
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ID 


(*) 

Time of 
occnrrcmra. 


(3) 

Origin of 
•lintnrlianci*. 


Total area 
<if 

rtistnrbanoe. 


Area of 
■enml.l* motion. 


(*) 

«xl« 


IM 

8Sort»r 
«xl« 


l«) 
motion 


(7) 

mm inn 


<*) 

motion 


(9) 

•Slim 


1905 








• 

H 


»i 


wp ri 


U{. ri 


sq. ri 


• 

uq. r» 


May 17 


2 1 '04 n< 


ii. ni. 


Off the count >>f Ifi.liku. 


180 


1(10 


190 


770 


1.030 


2,050 


26 


3 4« 


p. TO. 


Iwuki. 


150 


70 


70 


310 


1,450 


1.830 


30 


4 32 


a.m. 


KniuiRnwu (Muwwhi). 


50 


2<» 




40 


30 


130 


31 


11 08 


a.m. 


Off the r»««t of TTi.lnkii. 


120 


CO 




130 


430 


500 


.Inne 2 


'2 40 


p.m. 


Central i«rt of Itilnn.l Swi. 


450 


200 


4,750 


3.950 


2 200 


10,900 


•> 


7 50 


p.m. 


Ho. 


230 


140 


120 


3,300 


4.900 


8,470 


:t 


9 IK 




1K». 


110 


no 


— 


370 


3.3U0 


4.900 




y 34 


i». m. 


l)o. 


1H0 


uo 


280 


2,870 


3,200 


6,350 




7 '24 


p.m. 


1V>. 


10U 


50 


— 


1,040 


2,990 


4,030 


M 


7 38 


p.m. 


IV*. 


1«0 


70 


200 


1,800 


2,500 


4.50O 


1* 


10 43 


p.m. 


IX>. 


J20 


no 


— 


SOU 


2.490 


3,350 


i 


3 OH 


>i. m. 


Do. 


00 


:o 




590 


1.720 


2,310 


r, 


8 44 


u.m. 


Vi<-inity of O-shima (Izn). 


60 


50 


10 


150 


200 


360 


c. 


0 44 


turn. 


IV.. 


30 


70 




190 


42) 


010 


•■ 


1 19 


ii. ai. 


I Hi. 


00 


40 


— 


380 


200 


mo 


i» 


1 51 


n.m. 


l)o. 


100 


70 


— 


400 


430 


890 


f • 


'2 05 


ium. 


Do. 


70 


00 




510 


210 


720 


t • 


2 23 


a.m. 


l)o. 


90 


70 




550 


230 


810 




5 17 


a. in. 


in). 


30 


GO 




320 


100 


420 


ii 


y 23 


n.in. 


Do. 


90 


00 




300 


230 


530 


i' 


11 47 


iv. ni. 


I>o. 


tto 


40 




160 


170 


330 


t» 


s :a 


p.m. 


Control part of Inland Kwi. 


80 


40 




570 


1,230 


1,800 


7 


« 12 


u.m. 


Vicinity of Rlosaki (Uit/ubi). 


40 


:jo 




70 


030 


760 


»• 


2 40 


p.m. 


Vicinity of O-nhimn (Izn). 


220 


120 


510 


740 


2.220 


3.470 


»• 


10 06 


p.m. 


IV.. 


110 


70 


150 


280 


390 


820 


10 


3 10 


p.m. 


IV.. 


150 


100 




270 


440 


710 
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F. Oman: 



(1) 


(2) 


(3) 


Totnl nren 
•if 

(lUitttflMUlV. 


1 


Area 
*nnil>le I 


of 

notion. 




Date. 


Time 


of 

IIIV. 


Origin of 
•usturlMiiu*. 


(*) 

B\lft 




(«) 
A? mug 

til olio 11 


(7) 

Mi l<rrnf« 


(«) 

.foffW 
motion 


<») 

Sum 


1905 










ri 


xq. ri 


b*|. ri 


fW|. ri 


m\. t « 


.Tune 11 


lf'52"' 


p.m. 


N. part of Shimosn. 


70 


40 




380 


540 


920 


12 


5 17 


p.m. 


Off the <in*t of Iwuki. 


250 


130 


750 


1.C20 


2.450 


4.820 


13 


•2 49 


p.m. 


Off Kinkuznn (Rikuzeu). 


80 


70 


— 


510 


730 


1.240 


18 


1 17 


n.m. 


Off the .-«»i*t of Iwuki. 


140 


90 


— 


210 


1,620 


1.830 


2U 


0 :Ui 


p.m. 


,. Noibum. 


300 


ICO 




no 


1.420 


1.530 


■21 


A 45 


p.m. 


X. part <»r Minn. 


90 


40 




370 


1.220 


1,590 


•27 


1 13 


«.m. 


Centml port of Kikmhu. 


220 


70 




1,890 


1,130 


3.020 


July 1 


1 lit 


ii. m. 


\ u nuty nf Mishimu (Nngnlo). 


90 


50 




•220 


GOO 


820 


«• 


» or; 


ii. ni. 


Ayiilw (Tunlm). 


00 


50 


20 


GOO 


630 


1.250 


7 


1 22 


ii. rn. 


Off the const of Iwnki. 


3C0 


200 


1,400 


4,380 


2.280 


H.MMI 




7 18 


n.m. 


H. 


300 


180 




A if\ 

440 


A uljl 

4,840 


5,280 


*■ 


10 10 




OS the const of Tokiuhi. 


J 111 


100 




140 


4,700 


4,810 


9 


7 13 


n.m. 


Iwuki. 


230 


140 


30 


1,670 


2,930 


4.6:jo 


13 


1 49 


p.m. 


,. E. const of Mutsu. 


270 


150 




420 


3,180 


3.600 


ir, 


6 40 


p.m. 


,. wast of 


120 


100 


— 


400 


1.130 


1.530 


19 


5 03 


p.m. 


Buy of Tokyo. 


» 




— 


60 


5G0 


(120 


•21 


G lr; 


p.m. 


Off KinWjin (Iliknxen). 


110 


80 


— 


510 


570 


1.080 


•23 


5 2(! 


p.m. 


(Town of Ynmwnkn. HipiKhi- 
IKuliiki count v (Kcliigo;. 


110 


100 


110 


770 


2.330 


3.210 


*t 


n 27 


p.m. 




110 


00 


1 ft 
IV 


inn 




940 


»■ 


7 01 


p.m. 


Off Kiuknzn:! (Hikazen). 


130 


HO 




170 


1.370 


1,540 


•27 


1 39 


n.m. 


S. |«rt of SLimotfiiiki'. 


90 


40 




140 


1.160 


1,290 


Aug. 5 


2 29 


p.m. 


HE. iK»rt of lli,la. 


90 


40 




290 


610 


!KX) 


12 


9 2K 


p.m. 


Ikiy of Tokyo. 


00 


30 




70 


400 


470 


18 


C 08 


n.m. 


Ikiy of Atsumi (Miknwu). 


90 


40 




270 


350 


620 


22 


11 32 


p.m. 


Off the E. const of Rikuzen. 


110 


CO 




260 


410 


700 
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ID 

Date. 



Time of 



Ang. 21 



Sept. 



Ort. 



tV'05"' p.m. 
6 11 p.m. 
5 lfi p.m 
1 28 p.m 
9 -27 a.m 



(J) 

< Origin of 
ilist ur bunco. 



Tolnl arert 

of 

■ li-fiuhanee. 



An n <>f 
H»-nsil>lc mniioTi. 



(*> 



(■') I (0> 



Luiizvr Short»r, Strang 



Off the .-«»t of Hitaehi. 

(JTogiwam, Miuauln eotmty 
t(IIiila). 



100 



110 

Off Capo Mnroto (Torn). . 140 
Off the SE. KiKt of Knshiro. '^0 
Om.M-/iiki(Totomi). 



:t 
r. 

H 
'■ 1 

12 
21 
21 

2!) 
30 

- 

I 
7 
10 
13 
11 



11 47 

2 52 p.m. 
0 52 a.m. 

3 4S p.m. 
2 02 n.m. 
5 11 p.m. 



Off the E. eoant of Mntsn. 

eonat of Totomi. 
Tono-miichi iKikm-hn). 
Off the o»iKt of Rikuzen. 
rnigji channel. 
Off the E. rt»iKt of Kii. 



11 OB a.m. \ l Jo,,,lll » r y between Hold and 
I lznmo. 

3 01 p.m. S. ixut <rf Kii. 

0 52 p.m. fYntral i«irt of Inlun.l Sea. 

10 00 p.m. Vicinity of CliiUi <Shimoea)- 

2 08 a m ' J •'"""^nry between Hitachi 
jnnil Sbimosa. 

10 19 am J ,{ou, " ,nr y between Mino ami 

( Echi/.cn. 

11 31 p.m. Off »he E. cms>t of Mntsn. 



10 54 a.m. | Off the 



of JTitachi. 



6 18 i>m ■ | l*"«n«l'«? Iwtween Ilirta ami 



8 15 a.m. 

9 53 p.m. 

10 54 a m. 
3 14 p.m. 

11 54 n.m. 



Off ("ape Sliiriya (Mntsn). 
Off the E. coa^t of Mntsn. 
Off Choshi (ShimoHa). 
Off rojH> Kamni (Shi.ilteshi* 
H«> of Chilm (Tokyo liay). 



300 
60 
150 
2C0 
120 
70 
40 
HO 

no 

150 
70 
110 
120 

200 
110 
270 
120 
170 
120 
160 



sq. rt 

40 

100 



ii 

50 

40 

70 
150 

50 



200 | 210 
50 
70 

loo 

70 
45 
25 
50 
'JO 
110 
10 
80 
70 



(7) (8) (9) 

JfO «<vtf* tillvU | 

Sum 



multon 



»\. ri w\. ri m{. ri 



1C0 
HO 

110 
470 



150 
40 
180 
00 
110 
100 

' (iO ' 



120 



350 



50 
40 



490 
230 
880 
400 
W 

3,720 

2m 

530 
440 
550 
200 
170 
490 

3,180 
9*> 
180 

1.100 
50 

2.830 
100 

3,950 
180 
fifiO 
490 
5410 



t 



940 
500 
1,400 
070 
020 



1,4*3 
770 
2,440 

1,070 

680 



2,210 6.200 
1H0 440 
820 1.310 
870 1,290 
1,950 
530 



1.240 
210 

330 500 

250 850 

2.51 H) 11.150 

1.420 2.400 

iho (5i;o 

i 

1,850 2 950 

1,000 1,050 



2.080 
1,00 



5,030 
7C0 



2.700 7.000 

610 K20 

1.1U0 1,703 

990 1,530 

850 1.150 
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F. Omort : 



(1) 

Diite. 


<2) 




(3) 


Total nron 
of 

disturbance. 


Area of 
neturihle motion. 


Tim.' of 
cumrtetice. 


Origin of 
ilwhirlxinct*. 


(4) 

IV tn f 

.... 


(5) 

Stirrer 
• tin 


(6) 

.SI rwN'f 


(7) 

JVi*fr*rtT('" 

motion 


(«> 

.S' l 1 . r tf 

motion 


(9) 

Sum 


lOfVi 

Oct. 16 


1(ito ,n 


H.Tll . 


SV ■ hit r i.f lliiLi 


ri 
90 


r» 

50 


■<[. ri 


«1. ri 

2C0 


sq. ri 
1,210 


Bq. ri 

MK' 


19 


1 12 


n.m. 


r . 

(. 'ontml i a l y\ i it \f iTii i 


80 


50 


— 


290 


440 


730 


- 


a to 

0 18 
« 45 


ji.m. 
p.m. 
p.m. 


E. i»»rt of MiimuhIu. 

fOff tho K. omst of Awn 
| peninsula. 

Off the SK. c»*t «if Kuahiro. 


130 
22(1 
250 


50 
120 
100 


— 
— 
— 


470 
2:0 

*xi 


930 
1.020 

550 


1,400 
1.270 
850 


Nov. 1 


2 on 


p.m. 


Off tlin coi^t of Jwitki. 


1 Aft 


nil 




•inn 






2 


11 21 


n.m. 




160 


M0 






1 OAO 


J, MS 1 


'.) 


7 1!» 


p.m. 


\V. uirt of Ei*hi>;o. 


140 


ion 





Tin 


1 . l.'U 


1,860 


22 


9 43 


a.m. 


Off tin* 1%. inmisI oC Korrni "KM. 


160 


t 






7 on 
1 no 




23 


0 01 


n.m. 


Off tin* itviHt of Ttikiirhu 


200 


100 




4B0 


830 


1,290 


D.v. 2 


6 32 


a.m. 


Arinko (lligo). 


200 


150 


110 


1,180 


750 


2.040 


3 1 4fi 

J 

5 1 18 


p.m. 


Off Kinknwin (Kiknzen). 


18) 


130 


10 


1.110 


2.200 


3,380 


•I in 
II. 111. 


Do. 


150 


80 


10 


270 


WK) 


1.180 




4 38 


n.m. 


OiitM.le the Ibuii Hay. 


1(10 


80 




80 


800 


880 


8 


0 08 


p.m. 


Ontml i»irt of Inland Sen. 


240 


100 


770 


4,130 


3,340 


8,240 


• > 


1 2f» 


p.m. 


Pu. 


220 


1(50 


3-0 


4.850 


3.3ao 


8,020 


17 


(I 211 


p.m. 


Off tht> const of Xagnto. 


80 


70 




120 


1,590 


1,710 


23 


11 37 


n.m. 


,, Kikni'hn. 


250 


170 


700 


2.310 


2.3G0 


5,430 


2li 
27 
30 


0 11 
0 51 

7 53 


p.m. 
p.m. 
p.m. 


Off tin' const of Hitachi. 

fKmtn-mnm. Xinhi-Chiknma 
( county, Shinnno. 

liny of Chilm (Tokyo liny). 


220 
lfiO 
51) 


100 

50 
40 


920 


2.080 
400 
70 


2.220 
1.140 

200 


5,820 
1,500 
270 


1906 




















Jan. 1 


fi 18 


a.m. 


Km of lm: 


HO 


50 




73i » 


710 


1.440 


5 


« OH 


a.m. 


liny of Osaka. 


30 


20 




120 


440 


500 


>• 


0 01 


p.m. 


IV.. 


40 


30 




100 


500 


10.1 
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I*kt of the Stronger Japan Earthquakes, 1902-1907. J(J 



(1) 

Date. 


(2, 


(3) 


Total area 
of 

disturbance. 


Area uf 
sensible motion. 


Time of 


Origin of 
<li«ttirbnniv 


(4) 

Look r 
■ill 


(5) 

Bhor*«r 
• ill 


16) 


(7) 


<«) 


(9j 






Strong 
motion 


motion 


.«»»« 
motion 


Sum 


1906 

Jan. « 


4«'2Hf" 


ii. m. 


Off the E. canat uf MuUu. 


ri 
110 


rl 
90 


sq. ri 


m\!ri 
530 


•q. ri 
880 


M. ri 
1.390 


t. 


0 48 


l».m. 


Riknchu. 


70 


50 


— 


200 


310 


570 


7 


8 52 


p.m. 


Buy of (huilai. 


uo 


GO 




700 


810 


1,510 


8 


11 HO 


p.m. 


Off (be const uf Hnfpvmi. 


180 


120 


20 


830 


840 


1.690 


9 


ft 50 


p.m. 


(-Vtitntl pari <if KbimoBH. 


70 


40 




220 


690 


910 


• • 


9 55 


p.m. 


Bny of China (T.dtyo Bny). 


60 


40 




20 


321) 


340 


12 


10 23 


a m. 


Off the K. «m*t of Kii. 


130 


90 


200 


900 


790 


1,890 


15 


7 54 


ii.m. 


X. part of Knfpimi. 


40 


30 




100 


340 


440 


18 
'21 
24 


» 20 
10 50 
5 (17 


p.m. 
p.m. 


N. p*trt of Miuo. 
f Off the K. «»wt of Main Island 

Off the cwst irf Iwami. 


140 
400 
130 


80 
350 
50 


170 
1,040 


1,420 
5.200 
280 


1.040 3,230 
7.570 14.470 
1.110 1,390 


Feb. 4 


3 24 


p.m. 


Rikiizen Kay. 


2*20 


130 


90 


2.150 


2.230 


4,470 


:» 


3 11 


n.m. 


Outside the Kikuzcn liny. 


IvV' 


mi 






1,030 


1.270 


*• 


5 00 


a.m. 


Rikuzen Hay. 




1M 






2.200 


3,080 


17 


0 41 


a.m. 


Off the K. ciatst nf Kiiznsa. 




i jn 
14U 


aU 


400 


530 


980 


18 
23 


2 15 
6 49 


p.m. 
p.m. 


S. pnrt of Knzusu. 

fOff the <*«u>t of Awn and 
(Kaziuni jK-nin«nln. 


140 

:kio 


no 

200 


2510 


270 
1.900 


090 
3,500 


9C0 
5.690 


24 


9 14 


a.m. 


Tokyo Hay. 


350 


200 


840 


4.190 


5.070 


10,100 


28 


0 10 


a.m. 


8. |»irt of Im: 


70 


40 




230 


700 


930 


Mnreh 6 
7 

M 


1 38 
11 17 
4 08 


a.m. 
a.m. 
a.m. 


|<WT the inust of Awa ami 
1 Kaznxn. 

< Wf the <rmst of Iwaki. 

J Boundary between Mi no an«l 
J Owari. 


250 
250 
90 


200 
150 
00 




120 
380 
190 


190 
2.980 
740 


310 
3,360 
930 


13 


10 29 


p.m. 


Off the const <tf HyngH. 


200 


150 


910 


2.180 


2,700 


5,770 


14 


1 11 


a.m. 




70 


00 




40 


80 


120 


• ■ 


8 32 


p.m. 


Off the const uf Knzn.Ni. 


100 


80 




450 


1,080 


1.530 
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F. Omori : 



(1) 
Date. 



(2) 
Time of 



T.»hI 
of 



(3) 
Origin of 



Arm of 



1906 

March 16 
17 



18 



April 



0"05 n ' 



21 1 
23 

" i 

I 

28 
29 

1 

:> 
i; 
•> 

7 

H 

■• 

!l 
11 
11 





a.ui. 




p.m. 


5) '23 


p.m. 


0 12 


a.m. 


1 10 


a.m. 


5 32 


a.m. 


0 30 


i». m. 


11 43 


p.m. 


r> 40 


n.m. 


9 r>» 


u.ni. 


1 29 


p.m. 


8 57 


n.m. 


C 14 


a.m. 


10 04 


a.m. 


11 51) 


a.m. 


4 58 


a.m. 


7 29 


p.m. 



Ontiul part of Inland Sen. 

Kngi (FormoBji). 

{Northern part of Ariake Sea. 
j (Kymhn). 

Do. 
Do. 



! 



S. part of Kii. 
I Northern part of Ariake Sen 
lUCytwlm). 

Off the «»u»t of Ilytiga. 

I 

„ Rikuzen. 
E. const of Mnt«u. 



Do. 
IX>. 



Iwuki. 

Kagi (Formosa). 
Off the K. const of Nemim*. 
m. Teushiko (Formosa). 



8 39.7 a.m. Kngi 



* 52 ISA** 



of Awn 

2 38 a.m. Off the const of Iwaki. 
7 08 p.m. NW. i»irt of Mino. 

5 18 a.m. |J e °**° <K»P l^ure) 
llormosa. 



9 52 a.m. 



Do. 



20 , 9 48 p.m. j (n ^ 0 



(4) 

Unger 
nil* 


(5) 

Shorter 


l«) 

I / 

motion 


(7) 
Xilerau 
■notion 


(8) (9) 
8U9M 
motion 




ri 


*i- ri 


Bq. r» 


8q. ri 


w\. ri 


100 


50 


-i 


100 


3,100 3,200 


500 


? 


970 


1,310 


_ 


2.280 


10 


30 


- 


90 


810 


900 


200 


120 


250 


2,150 


1.200 


3,000 


00 


30 




80 


230 


310 


170 


110 




l.(>80 


2.330 


3,570 


40 


20 




00 


030 


090 


150 


100 




150 


2.290 


2,440 


17;) 


inn 




190 


790 


980 


200 


150 




210 


500 


770 


A«JO 






OJ 


20 


100 


100 


80 




1,090 


940 


2,230 


RO 


70 


inn 

1 iai 


520 


1,580 


2.200 


inn 


or) 


All 


o**f 


420 


1,540 


130 


70 


1 


:uo 


820 


1.100 


•240 


18!) 


190 


2,370 


3.090 


5.050 


lf¥"l 
JIJU 




<ll 


nau 


94t) 


1.060 


3i0 


V 


20 


400 


470 


890 




100 


270 


970 


970 


2.210 


100 


80 


HXi 


920 


1.120 


2. 140 


1(H) 


70 




080 


1.620 2,300 

1 


2:w 


100 




■Am 


3,890 


4,250 


140 


00 


90 


1,530 


1770 


3.390 






2 000 


220 




2,280 






740 


1,240 


300 


2.280 


90 


70 


<!0 


310 


1.850 


2.220 
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(i) 



(2) 

Time of 



April 21 4" 10"" n.m. 

3 54 p.m. 

i 

May 1 7 12 |..m. 



2 11 13 a.m. 



I 



(3) 

Origin of 
■Untnrliiitm*. 




Arm of 



fllngiwnm, MiiMiblii tunnty 
l(Hi.ln). 



Dungo Srmit. 

Off the X. •■..urt of Form., 
n.m. „ S. ««iKt of Kii. 

a.m. tVntml i»irt of Kii. 

i 

p.m. X\V. part of Higo. 



8 53 
0 10 21) 
7 8 01 



ton the E. r.»«t of Awn 
I iwnin»ubi. 



10 2 34 

Hi 7 10 

18 4 04 

.. 'J 3»S 

■ 

IS) 1 31 

21 2 21 

.. 3 M 

2-2 4 12 

21 2 17 



p.m. 
p.m. 
p.m. 
p.m. 
n .in. 
p.m. 
p.m. 
p.m. 
p.m. 



2K 4 10 am. 
., « 59 

29 11 22 

30 9 27 



Off the ci.iat or Hitiuhi. 

Iwuki. 



Do. 
Tokyo Buy. 
X. i«rt of Shim.«n. 
tVntml i«rt .it liilnri.l Sen. 
I'nign cluiiiiu'l. 
Off the K. ctiii!,t of Xi nmro. 

«iiu*t .if 
X. jmrt of 
Tokyo Buy. 



.Iiiik? 2 7 18 n.m 
10 
22 



Vicinity of Xuruto, Awn. 
10 37 a.m. Off Kinkuzun (HikuM-n). 
2 28 a.m. l\.iln (Shim.no). 



i 

.Inly 7 7 30 p.m. Outsi.lo th<- Uiku/i n Buy. 



1 W (5) 

l.ong*r Shorter 


frnmo 
motion 


(7) 

M titrate 

lllnlton 


SUpht 
moliuD 


Sum 


r'. 


ri 


Rip ri 




«p ri 


wp rt 


■: 


210 


5S0 


3.320 


3.310 


7,210 


110 


(SO 


i 

40 


2M 


820 


1.070 


80 


1 U 


— 


200 


1.300 


1,050 


1 1\ i 


.' 




450 


2.000 


2.150 


i r 1 1 


200 


1.1 CO 


2, 1C0 


R.:O0 


9.050 


mi 
90 


>*) 


100 


700 


1,030 


1.830 


I'll 




10 


170 


470 


»I50 


1»lll 

120 


Til 
10 


— 


120 


410 


5:w 


Ml 


40 




10 


250 


2.X ) 


170 


114) 




30 


1.700 


1,730 


120 


DO 


! 


:m 


1,600 


1.000 


no 


70 




10 


230 


270 


220 


180 


170 


•>70 


2.980 3.820 


120 


no 


— 


380 


430 


810 


150 


KO 


250 


1.710 


1.430 


3.300 


150 


120 


(S5U 


1.570 


2.220 


4.4-10 


ir. 


30 


_ 


<S0 


210 


270 


300 


200 


<0 


580 


i.:mx) 


1.940 


110 


!)() 




350 


170 


820 


130 


70 


120 


1.080 


1,060 


2.200 


AO 


:»5 





190 


500 


•■DO 


80 


00 


170 


850 


ttW 


1.910 


80 


•so 




10 


320 


330 


•SO 


50 


40 


4(H) 


5IS0 


1,000 


180 


ao 




170 


1.100 


1..100 
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F. Omcai : 











Total area 
of 




Atoa of 




(1) 

Date. 




m 


disturbance. 




tensible 






Time of 
occurrence. 


Origin of 
tlistitrlmniv. 


(4) 

axil 


(5) 

Shorter 
•alt 


(0 

Slrong 
motion 


m 

Majorat* 
motion 


n 

motion 


M 
Sum 


1906 








ri 


ri 




► q. fi 


Ml. ri sq. ri 


•Tuly 7 


8>'41 m p.m 


Off Kinkaxnn (Itikiuam). 


130 


70 




90 


310 400 


10 


9 37 


n.m. 


Off tb* cuist of Iwnld. 


90 


70 




120 


330 


450 


11 


5 32 


ii. m. 


Ccntml part of Mikawn. 


50 


30 




100 


010 


710 


12 


4 31 


p.m. 


Off the iiiist of Hitm-hi. 


160 


100 


— 


170 


040 


810 


23 


1 1H 


p.m. 


Iwnki. 


1H0 


140 


280 


1.880 


2.770 


4.9:10 


31 


ft rji 




„ Kikm-liu. 


90 


70 




» 


520 


080 


Aug. 5 


4 53 


,,m. 


Tokyo 0n\. 


70 
ill 


fin 

IHl 




1 

440 770 


1.210 


»■ 


5 32 


njn. 


JX.. 


120 


50 


210 


800 1.350 


2.420 


<f 


9 15 


p.m. 


Off tho tin t of ITvilSH 


130 


80 




140 45 > 


590 


>• 


10 27 


p.m. 


Do. 


200 


100 





1.050 


1.030 


2.0HO 


lfi 


6 26 


a.m. 


Central part of Izo. 


90 


70 





190 


430 


020 


n 


3 39 


p.m. 


Do. 


100 


80 


50 


HO 


930 


1.060 


19 


8 00 


n.m. 


Off Choshi (Slrimoan). 


180 


120 


10 


730 


2.940 


3,680 


21 


5 42 


n.m. 


W. putt of Kitznan. 


140 


50 




HO 


290 


370 


22 


0 08 


n.m. 


W. part of Khimosii. 


120 


50 


100 
100 


HO 


020 


1,830 


31 


11 20 


n.m. 


Central pint of tni. 


140 


HO 


10 


350 


920 


1.280 


Sept. 4 


0 40 


u.m. 


Tow n of Mifune. (lligo). 


60 


45 




100 


110 


270 


8 


3 53 


n.m. 


(Off the E const of Awa ntul 
( KnzitHii. 


170 


90 




130 


770 


900 


15 


0 34 


n.m. 


Vicinity of ILiteiiznkn (1st?). 


00 


no 




50 


100 150 


17 


5 27 


p.m. 


W. i«it of Hitachi. 


130 


110 




680 


1.940 


2.020 


11) 


7 55 


p.m. 


(Vntial ]«n)t <if I/.u. 


00 


40 


_ 


00 490 

1 

230 370 


550 


Ort. 4 


0 05 


a.m. 


Off tin cun*t or Kikuzin. 


120 


60 




COO 


(I 


fi 35 


p.m. 


N. pnrt <>f Sliimowi. 


120 


50 




550 


1.700 


2.25l» 




8 52 


p.m. 


Kent the const of Iwnki. 


150 


100 




1210 


ii.210 


3.42L> 
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Total Men 
of 




Ami of 




(1) 

1W. 


<«) 


(3) 


<li«tttrtmnet>. 




wnulile 


motion 


1 


Time* of 
iiociwTenif. 


Origin of 
diatnilmnce. 


Longtr 
• 


WlOPtT 

tit In 


(O 
stnmg 

motion 


0) 
motion 


<8) 

8U*M 

■DOltOD 


(9) 

Sum 


1906 








ri 


ri 


8q. ri 


M|. ri 


m\. ri 


sq. ri 


Ort. 6 


a»i24" 


l>.m. 


Central pnrt of Klumutsnkr. 


110 


50 


— 


120 


l,fil0 


1.73*1 


10 


0 51 


p.m. 


SW. 'pnrt of Iwnki. 


140 


80 






1 ,650 


2,850 


12 


9 :>*; 


ii. ni. 


Off the eonst of I "go. 


180 


140 


2U0 




1 K10 


4,190 




10 04 


u.m. 




220 


140 


590 


1 VTft 


1 950 


4,110 


19 


o w 


p.m. 


/Off tin- eonst of Awa lino 

i i.' 

( Hnzuai. 


100 


70 


_ 




300 


5211 


• • 


10 46 


p.m. 


Bnnen Strait. 


70 


40 







1 04o 


1.570 


23 


7 13 


u.m. 


X. shore of Ijike Itiwn. 


i\ 
•i»> 









290 


430 


26 


5 25 


p.m. 


S. pnrt of Yumnto. 


SO 


50 


— 


380 


•HO 


720 


27 


7 25 


n.tn. 


Off the «»wt of Iwnki. 


300 


200 




320 


3.550 


3.870 


Nov. 7 


11 54 


p.m. 


„ Sugnmi. 


70 


50 


— 


150 


350 


500 


u 


fi 54 


p.m. 


„ Iwnki. 


120 


50 


— 


140 


510 


6*0 


11 


0 33 


ii. ni. 


,, Awa I H*iiiii»ilbt . 


50 


30 




QO 


80 


1(H) 


12 


11 07 


p.m. 


Vicinity of Knsumipi-uni. 


150 


80 


♦50 




1,610 


3,040 


,5 


7 24 


p.m. 


N. ]*irt of Hynjja. 


» 


40 




<KHP 


520 


J>80 


16 


1 54 


a.m. 


W. |«rt of Owari. 


40 


21) 






140 


230 


22 


(i 41 


u.m. 


Central pnrt of ]titig\ 


50 


:io 






490 


630 


23 


3 32 


p.m. 


{Off the const of the Awn 
\ peninntiln. 


180 


100 


30 


670 


630 


1.330 


21 


4 40 


n.m. 


Off Kinkiixnii (Kiknxen). 


110 


GO 


— 


10 


570 


580 


■• 


5 45 


p.m. 


IK.. 


90 


fit. 




10 


580 590 

t 


ltec. 2 


0 3.1 


p.m. 


Vicinity <rf I'eiln (Shirmno). 


flo 


30 




! 

100 


230 


330 


4 


8 44 


p.m. 


(Iff the const or Hitnehi. 


no 


50 




m 


830 


9U0 


5 


5 54 


p m. 


Central jmrt of Kii. 


50 


40 




330 


■XH) 


660 


10 


7 52 


n.m. 


To«n liny. 


100 


80 


20 


230 


820 


1.07C 


24 


5 46 


p.m. 


Kntort eontity (Shimosn). 


80 


60 




90 


250 


340 


27 


9 05 


p.m. 


Vicinity of Cejla (Shinnno). 




3(1 






180 


260 
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F. Omo i: 



(1) 


«2) 


(3) 


Total area 
of 

tlistnrlNinee. 


Area of 
Hensible motion. 


IWe. 


Time of 

WCUtTeilCe. 


Origin of 

< 


(4) 


(5) 

Sl.urtor 
«»!« 


(«) , (7) 

motion motion 


(8) (») 

Stl9*t 

motion Sum 


1907 

Jan. 3 


3''42' u a.m. 


N. part uf Khimosa. 


ri 

150 


ri 
80 


8.,. ri 
110 


mi. » i 
900 


mi. r< kii ri 
1,300 2,310 


5 


1 47 


n.m. 


Off C«i^ Erimo (Ilokkai.lo). 


3C0 


150 




420 


3.810 4,230 


10 


0 48 


p.m. 


Do. 


270 


1W 


— 


690 


2.130 ' 2,820 


18 


8 23 


pm. 


Off the W. eoast of Kii. 


81) 


70 


— 


410 


1.210 1,020 


21 


9 22 


p.m. 


Off Cape Erimo (Hokkai.lo). 


300 


150 


— 


120 


3,(570 3,790 




() 33 


a.m. 


Off the E. ctuuit "f Kiwiwi. 


130 


110 






(120 ] o:k) 




ft 35 


pm. 


„ ouwst of Hitachi. 


85 


ro 


- 




fi£0 820 


Feb. 6 
12 


5 3H 
1 2fi 


p.m. 
n.m. 


r 8ome distiuuv off the E. 
jooftHt of Awa-Kiizu&i penin- 

Tirognni Ktjait. 


«, 

200 


» 

100 


10 




110 
170 


1 

3.130 3.250 
400 570 


■• 


7 3!i 


a.m. 


Ilikuzcn Hay. 


Hit) 


130 


* 


450 


1.810 2,2«6 


20 


9 52 


p.m. 


Off tlie const of llikuxen. 


170 


m 




1,020 


1.7fi0 2.780 


22 


9 Ol 


p.m. 


N. part of Kliimosw. 


CO 


to 




H50 


1 

520 ft*) 

| 


March 1 


3 ]f, 


p.m. 


IWf »lii> V ... »..-t «.f II .LI .. .1.. 

\m ine v., coast <>t Jlokkn ilo. 


350 


200 


to 


2.410 


4.150 (5.940 




8 21 


p.m. 


S. i>i»i t of IUktizen. 


no 


80 


100 


980 


1.850 2,930 


7 


11 50 


a.m. 


Km t_ape kruno (Jlokkauto). 


300 


150 




90 


3.390 3.4P0 


11) 


7 Hi 


p.m. 


1 entlal jMirt or Ilipo. 


inn 

1UU 


oo 


30 


500 


J .(.20 2,150 
2.140 3,270 


•• 


7 48 


p.m. 


Do. 


fiO 


CO 


40 


790 


•• 


10 03 


p.m. 


. IX,. 


130 


UO 


200 


1.740 


1.490 3.430 


13 


0 38 


a.m. 


Vicinity of Xo.Lt (Shimon). 


110 


50 


* 


,:«, 


590 1,300 


18 


2 07 


j). in. 


Off the coast of Iwaki. 


18U 


140 




1,010 


1N00 2.950 




3 Hi 


p.m. 


Central iwit of Riknehn. 


80 


CO 


_ 


270 


570 H40 


1!) 


8 34 


a.m. 


Ontwle the Rikozen Hay. 


1*20 


CO 




190 


ft90 KHO 


Si 


7 28 


p.m. 


Off the S. mist ..f Shikoku. 


250 


150 




190 


3.420 3,610 


2ft 

* 


1 11 

8 22 


p.m. 
p.m. 


Centml l«rt of Inland Sea. 

(Some distance off the E. 
1 count ot main Inland. 


90 

<;oo 


50 
400 




750 
3,200 


1.310 2.000 
S.ftCO 8800 
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Total ii en 
of 

(iifttniliaucu. 



Arm of 
sensible motion. 



(1) 












Date. 


Tim.- 
nee tint 


of 

•nee. 


Origin of 
<1iaI tirlvtrui* 


ml* 


(5) 

Shorter 
• M» 


(•5) 

IfintJofi 


(7) 

nx»*ion 


(8) 

AifM 




(9) 
Sum 


1907 

ainit it .hi 


f.i>21- 


|Mn. 


( Hoilli.tnrY U'tw.-en I.m; uml 
1 Vnmnto. 


ri 

in* 




ri 
nu 


hi. ri 

wo 


wp ri 
530 


W|. ri 
1.010 


m|. ri 
1.620 


11 


7 2J 


p.m. 


on tiu- ciiiist or. Iwatu. 


220 




HO 


1.720 


3.2K0 


5.0HO 


April '2 


7 2* 


p.m. 


1 Vntral unit of If u/i> 


40 


30 


— 


100 


:too 


4(0 




0 23 


p.m. 


(Off n«Kt of Hingo, 
((Itibin.I Ssi). 


Sill 


140 


41R) 


3.U20 


2,390 


0.HC0 




47 


a.m. 


Off Oq*- Eiinto illo'.Uaiiki). 


270 


200 


50 


1,570 


3 500 


5.1H0 


13 


4 05 


a.m. 


tYntml (Kiit of llifj'. 


00 


40 


100 


CIO 


550 


1,280 


1H 


2 23 


a.m. 


Yk-injty i f Kiutuma (llitmlii'. 


7(1 


40 




100 


470 


570 


-21 


4 31 


a.m. 


Off the ci»ist of Iwaki. 


15<> 


120 




12J 


1.1M0 


1,300 


23 


U 5H 


a.m. 


Ui. 


3(10 


1H0 


410 


2,820 


2.540 


5.770 


25 


4 4S 


a.m. 


Vicinity of Kazjika (ShiuniioV 


15 


,:, 




40 


130 


170 




11 :«5 


a.m. 


Off Oqw Krimo (lloltkaiilo). 


140 


120 




:;o 


570 


400 




3 30 


p.m. 


(Off th.' coast of Uiugo 
lllnliuul St-a). 


::o 


20 





IK.) 


320 


500 


30 


5 5f> 


a.m. 


Riku/^n liny. 


120 


80 




370 


1,550 


1.920 


>• 


0 51 


p.m. 


Off the cist of Hitachi. 


HO 


110 


270 


H10 


1<130 


2,710 


May 4 


5 37 


p.m. 


Vicinity of ORiisuwura-jinM. 


ooo 


4(10 


10 


— 


451) 


4(i0 




2 l«'i 


a.m. 


( >.t tlu' inist of Hitachi. 


220 


1N0 


510 


2,420 


3.130 


0.000 


',» 


7 25 


a.m. 


„ Rikuzen. 


250 


150 




1W0 


3.4H0 


4,450 


■0 


7 42 


a.m. 


Off Cape Erimo (KokkaiiV.i). 


200 


150 


10 


320 


1.440 


1.770 


11 


4 49 


n.m. 


Off the SK const of Xemuro. 


100 


40 


50 


320 


520 


890 


23 


7 34 


a.m. 


tiff the o»i*t of Riktuen. 


250 


150 




1.440 


2.700 


4.200 


■• 


'J IS 


p.m. 


(Off tlu- mast of Hinso, 
(llalanil Sen). 


100 


CO 


70 


U20 


2.570 


3.500 


• i 


11 30 


p.m. 


IV 


70 


30 




170 


1500 


l/sao 






n.m. 


S. jieirt of Shimotsoke. 


120 

1 


50 




3*0 


950 


1.330 


.low 7 


fi 51 


a.m. 


|S>me ili-Mnniv off I he E. const 
(of Kuzuwi ami Awn. 


400 


200 




100 




730 
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F. Oiwwi : 



(1) 

Date. 


(2) 




(3) 

* * 


Tot nl 
of 

.listnrt 


nruu 
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L Introduction. It often happens that precursory shaking, 
or " fore-shocks," of different intensities are felt at the opiccntral 
district of a great earthquake. As the latter is generally due to 
the formation or enlargement of a fault or crack of considerable 
length along a seismic zone in the earth's crust, it is quite natural 
that some of the weakest secondary points at the strained region 
should first give way and produce the minor shocks, before the 
dislocation or fracture along the whole extension of the focus 
produces the final great disturbance. In many instances, the fore- 
shocks were quite numerous, some of them attaining the intensity 
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of a semi-destructive motion. I mention next tho more typical 
cases of the destructive earthquakes in Japan, which were preceded 
by these small shocks. 

2. Earthquake of Kagi {Forworn) of 1006. The destruc- 
tive earthquake in the Kagi prefecture, Formosa, on March 17, 
1906, caused by the formation of the Baishiko and Chinsekiryo 
Faults, (the Bulletin, Vol. I, No. 2), was preceded about 5 
minutes before by two strong shocks accompanied by very loud 
jinari, or sounds, like that due to a continuous discharge of 
gun. As those disturbances were quite unliko ordinary earth- 
quakes felt there, the people were alarmed and took precaution 
for an escape in case of emergency, many running out of doors. 
Thus it happened that a comparatively small proportion of the 
inhabitants remained within doors at the time of the final great 
shock, a circumstance which must have considerably reduced the 
amount of casualties. 

The occurrence of the premonitary shocks and jinari was 
also very striking in the eases of the Ansei and Riku-U earth- 
quakes (§ § 3 and 4). 

3. Ansei earthquake in Central Japan.*. The great earth- 
quake of the 1st year of Ansei (1854), which was violently felt 
in the provinces of Iga, Ise, Omi, Yamnto, Yamashiro, and Settsu, 
took place on July 0, at about 2 am.* The epifocus was a zone 
about 100 km. in length, which stretched from the vicinity of 
Yokkaichi (in Ise) to that of Nara (in Yamato), passing by the 
north of the town of Uyeno (in Iga), where considerable convul- 

* TliiB in different from the two great CArthquAkea of Dee. 23 ami 24 in the same year, 
which originated off tho 1'aciflc const of Japan. See also my note " On the earthquake zonen 
in central Japm." the fiv'h tin. Vol. I, No. I. 
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sions of the ground were produced. At the last named place, a 
moderate shock intense enough to drive people out of doors had 
been felt already two days l>cfore, namely, on the 7th, at 1 pin., 
succeeded by a stronger and unusually severe one at a little 
before 2 pm. These two shocks, which caused some cracks of 
the plastered walls, were followed by incessant jinari, or earth 
sounds, like thunders heard toward tho north-west, the number 
of the minor shakings which occurred before the evening being 
27. It is recorded that a traveller happening to arrive at Uye- 
no the same day was frightened by the jinari, so he went on 
and stayed at Kasagi, thereby escaping the risk of the dis- 
astrous earthquake. During the night of the 7 th, the people 
were panic-stricken, no one going to bed. On the next day (the 
8th), the weather was fine, and although the jinari did not cease, 
there was no specially severe shock, and the people began to Irj 
somewhat reassured. In the same evening, however, there were 
a few small shakings at about 8 pm., the Una I great earthquake 
having taken place the next morning at 2 am. The two shocks 
at 1 and 2 pm. on the 7th were also felt in Osaka. 

4. llihu-l' earthquake of Aug. 31, 1896, at Xh fim pm. 
The Kiku-V earthquake was most violent in the two counties of 
Senpoku and Hiraga, in the province of Ugo, and in the county 
of Xishi-Waga in the province of JJikuchu, producing the lines of 
dislocations known as the Senya and Kawafune Faults. In the 
epicentral district, there had occurred a shock of moderate intensity 
already (5 days l>efoie, namely, on Aug. '23rd, at 1 pm., followed 
daily by one or more small shakings. On the 31st, at 1) am., 
there was a strong shook, causing some damage to the dwelling 
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houses and throwing off the plastered walls of some old dozo 
(Japanese ware houses). Thereafter occurred nearly 30 shocks 
and jinari ; amongst others the shock at 4h 42m pm. l>oing the 
strongest. 24 minutes later on, at oh Gm pm., the final great 
earthquake took place. 

The epicentral district had, before August, 189G, been only 
rarely disturbed by earthquakes, and these latter had not been 
accompanied by jinari. But since the 23rd of August, the earth- 
quakes were invariably accompanied by jinari, indicating their 
nature as fore-shocks and the proximity of their origins. 

5. Tottan earthquake of Nov, J, 1900, at 4h 41m pm.* 
This earthquake originated off the eoast of Izu, and was strongly 
felt in Kozu-shima, Mikura-jima, and Miyake-jima. At the last- 
named island, the first fore-shock, which was moderate in inten- 
sity, occurred at 8 am., on the 4th, followed by many moderate 
and slight shakings. At Mikura-jima, there was a moderate 
shock at G am., on the 5th, followed every five or ten minutes 
by others, the two strongest among which took place at 
2 and 3 pm. respectively. In Kozu-shima, there was at 8h 
Kim am., on the 5th, a slight shock, followed by about a dozen 
moderate and slight ones, the final and largest earthquake 
having occurred at 4h 41m pm. the same day. According 
to the instrumental observations in Tokyo, there wero 7 shocks, 
which preceded the final earthquake, and the first of which 
occurred at 9h lGm am., on the 5th, the strongest among these 
being that at 2h 10m pm. 

6. 3lino~(hrari earthquake. The great Mino-Owari earth- 
quake of Oct. 28, 1891, at Gh 37m am., was preceded by 
a strong shock, which took place 58 hours earlier, namely, at 

* " Totmn " ihlundn nro the inlands off the const of Izu l>elongiug to the Fuji volcanic chain. 
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9h 14m pm., on the 25th of the same month. In the epiceutral 
area, jinari were heard from time to time before the great 
earthquake. 

7. Hokkaido earthquake of March 22, 1894. The 

earthquake of March 22, 1804, which caused damage in the two 
provinces of Nemuro and Kushiro, along the north-eastern coast 
of Hokkaido, occurred at 7h 20m pm., the origin being sub- 
oceanic and at about 140 km. to the south-east of the city of 
Nemuro. This earthquake was preceded by the four shocks, 
whose times of occurrence and the intensity of motion at Nemuro 
were as follows : — 



Thus the first fore-shock and the 2nd, which was the strongest 
among the four, had occurred respectively 15h 30m and 4h ">7m 
before the final great earthquake. 

The abovo mentioned four fore-shocks were observed with the 
ordinary (i ray-Milne- Ewing type seismographs. Had the observa- 
tion been made with the modern sensitive tromometer adapted 
to a continuous recorder, probably there would have been re- 
gistered many other small insensible shakings. 

8. Remarks on the fore-shocks of the different earth- 
quakes. The time distributions of the liiku-U and Tonan fore- 
shocks, which occurred on the same days as the principal 
earthquakes themselves, preseut some mutual resemblance, as 
will be seen from the following table. 



(i) 3 h 49'" 14' am. 
(u) 2 22 55 pm. 



Moderate. 



Slight. 



(iii) 2 33 25 pm. 

(iv) 2 37 10 pm. 



Slight. 
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TABLE I FORE-SHOCKS OF THE RIKU-T7 AND TONAN EARTHQUAKES 



Kikn-U Earthquake. 


Tonan Earthquake. 




Time of 
Octtirren<v 


Successive 
Interval. 


Time of 
Occurrence. 


Successive 
Interval. 




O'-SS^am. 
10 13 am. 
3 07 pm. 
3 18 pm. 


. . . 0 h 15'" 

....4 54 5" 20" 
.... 0 11 

1 24 


9" lG'"am. 
2 11 pm. 
2 48 pm. 
2 54 pm. 


..... 4"55'" 
.....0 37 
....() or, 
... . 0 13 


...5" 


38 m 


4 42 pm. 


0 24 


3 07 pm. 

4 15 pm. 


.... 1 8 


1 

. 0 


21 
27 


5 OG pm. 

(Orent Eqke.) 




4 42 pm. 







Thus the successive intervals between the times of occurrence of 
the fore-shocks were on the whole identical for the lliku-U and 
the Tonan earthquakes; the last strong fore-shocks having also 
occurred in the two cases by a nearly equal time interval, namely, 
21 and 27 minutes respectively l>efore the final disturbances. 

The interval between the times of occurrence of the first 
strong fore-shock and the final great earthquake was, for 
the different cases, as follows: — 

Aasei Eqko l" n< 13"° ,,: * 

Kiku-U „ <i 1 

Tonan „ 1 9 

Mino-Owari Eqke 2 10 

Hokkaido , 0 15^ 
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Again, the interval between the time of occurrence of the 
principal disturbance and the commencement of the last epoch of 
increased activity or frequency of the fore-shocks, was as 
follows : — 

Ansei Eqk<* (> h 0 m 

Kiku-l* 8 34 

Tonan 7 20 

Hokkaido 4 57 

The occurrence of fore-shocks is of course not limited to 
the few cases of the great earthquakes considered in § § 2 to 7. 
The same phenomena are shown by the large as well as the 
semi-destructive or strong earthquakes originating cfT the north- 
eastern coasts of Japan, along the Fuji volcanic chain, or off the 
< "astern coast of Formosa. A few illustrative cases are given next. 

9. Hokkaido earthquake of Jane 4, 1803, The earth- 
quake of June 4, 1893, at 2h 27m am., shook the southern islands 
of the Kuriles. Thus, in Shikitan island, the shock was felt 
strongly, being followed by the tsunami along the coast, which 
reached a height of about 8 feet over the ordinary sea level. 
Again, in the Shibetori county (northern part of the Ft nip island), 
the tsunami came on about 20 minutes after the shock, and 
caused an increase of water of "> feet, forcing the river waters to 
flow upwards. The tsunami continued till i) am., and the large 
waves were repeated five times, rocks having been thrown down 
at many places along the coast. Prior to this earthquake, there 
had occurred between the 1st and 3rd (June), five moderate and 
slight earthquakes, which shook the Kuriles or the eastern part 
of Hokkaido ; there being one or more shocks each day between 
the 4th and the 13th, except the 10th and the 12th. 
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10. Karenko (Formosa) earthquake of 1905,* The earth- 
quake of Aug. 28, 1905, at lh 24m pin., which was a local earth- 
quake and which was semi-destructive at Karenko (Formosa), was 
preceded by several fore-shocks. Thus, at the latter town, there 
was a shock on tho fore- noon of Aug. 8, several on the 13th, 
one each on the 18th, 19th, 20th, and 21st. A moderately strong 
shock occurred on the 20th, at 4h 50m pm., followed by a few 
slight ones, the final strong earthquake having taken place on 
tho 28th. The after- shocks were also numerous, there being 20 
or 30 of these on the same day and on the 29th. 

1L Oshima (Izu) earthquakes of June 6 and 7, 1905. 
These two earthquakes, which caused some damage in the island 
of Oshima (Izu), were preceded by numerous small shocks. 
According to the report of the Governor of the island, there were 
more than 30 shakings between 1 am. and lOh 15m am., on the 
5th, and a strong earthquake took place at Oh 35m am., on the 
0th, causing several landslips in the island. The subsequent 
shocks were very frequent, more than 100 having happened be- 
fore 11 am. the same day. On the 7th, at 2h 39m pm., there 
took place the principal earthquake, which were followed by 
more than 50 after-shocks in the course of the next 12 hours. 

According to the tromometer observation in Tokyo, the 
first shock occurred on the 5th, at 23m 20s am., between 
which time and the midnight of the 7th there were 28 
others. Of these the 22nd one, which gave the greatest diagram, 
took place on the 7th at 2h 39m 30s pm. The following table 
gives a list of the earthquakes observed on the 5th to 7th in 
Tokyo. 

* Sec my note on the Bokunekikuku and BnsKhi«b'> earthquake of Jan. 11, 1U0B, given 
elsewhere in thix Number. 
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TABLE II OSHIMA (IZU) EARTHQUAKES OBSERVED IN TOKYO. 



No. Gronp. 


Iutensity in Tokyo. 
(•.... Unfelt) 


Time of Occurrence 
in Tokyo. 


Mean Time of 
Occurrence in 
Tokyo. 


1 




• 


5>h 10 h 23'°26"am. 




2 


•(Strong in Oshima) 


6th 0 40 34 „ 




3 






0 43 37 „ 




4 




# 


0 59 10 „ 




5 






1 13 43 „ 




<; 




* ( Moderate at Yokohama) 


1 19 21 „ 




7 

8 


1 

A 


• 


1 38 m „ 

1 50 50 „ 


2 Oft 44. nm 






(Mijtlnxitr at YokoJinm;i) 


2 05 09 „ 




10 




Slight 


2 22 53 „ 








a 


2 50 45 „ 




12 




w 


4 42 27 „ 




13 




•(.Vafemfr at Yokohama) 


5 17 13 




14 




* 


Q 1Q K7 
J 157 Ol 




15 




* 


9 23 08 „ 




10 


B 




10 23 30 „ 


10 53 14 am. 


17 




• 


0 30 14 pm. 




18 




* 


0 49 22 „ 




19 

20 


e 


* 

« 


ft OO OO 

0 Jo JLL „ 
9 28 55 „ 


7 38 39 pm. 


21 


D 




7th 0 12 05 am. 


6 12 05 am. 


22 


E 




2 29 30 pm. 


2 39 30 pm. 


23 




: 


3 30 41 „ 




24 






3 44 18 „ 




25 
26 


After- 

shocks. 


* 


4 13 58 „ 
8 13 54 „ 




27 




• 


10 00 51 „ 




28 


• 


11 09 18 „ 
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From the above table it will be seen that the 12 shocks, Xos. 2 to 
13, occurred one closely after the other. Similarly the 5 shocks, 
Xos. 14 to 18, occurred together, being, however, separated from 
the preceding ones by a long interval. Thus the 21 shocks, 
Xos. 2 to 22, the last of which was the principal earthquake, 
may be divided more or less definitely into the live groups, 
A, B, C, D, and E, whose mean times of occurrence are found 
to be as follows : — 

A ( 12 shocks ) Oth: 2" 8 m 44* am. Time Interral. 

8*' 45" 

B ( 5 „ ) 10 53 14 „ 



. 8 35 
.10 43 
. 8 27 



C ( 2 ,. ) 7 28 39 pm. 

D ( 1 „ ) 7th: (5 12 05 am. 

E ( 1 „ ) 2 39 30 pm. 

The successive intervals between the mean times of occurrence, 
which may be regarded as indicating the most active epoch of 
the different groups, weie approximately equal to one another, 
varying from 8h 27m to lOh 43m. Further, tho numbers of the 
shocks in the first four groups were respectively 12, 5, 2, and 1. 
That is to say, the fore-shocks of the earthquake. No. 22, 
occurred periodically in groups at a mean interval of about -SJ 
to 10J hours, the activity or frequency being successively lessened, 
till the principal disturbance finally took place. This time rela- 
tion of the fore-shocks is somewhat similar to that in the case 
of the Ansei earthquake of July 0, 1854. 

The shocks, Xos. 23 to 28, were the after-shocks. It seems 
that on the occasion under consideration the fore-shocks were 
more numerous than the after-shocks. 

12. Hachijo-jima earthquakes of Mat/ 13, 1908. The 
two principal earthquakes on May 13, 1008, at 5h 23m and 5h 
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37m am., originated under the ocean nearly midway between the 
Cape Omae-zaki of Totomi and the island of Hachijo-jima, at a 
distance of about 100 km. to the north-west of the latter.* 
There were 5 fore-shocks, which were registered at the mete- 
orological observatory of Hachijo-jima on the Omori horizontal 
pendulum tromometer of 150 times in the EW direction, the re- 
sults of the observation being shown in Table III. (See the 
diagram reproduced in PI. XXI II.) 



OBSERVATION AT HACHIJO-JIMA. 

CNc*. 1-5 are fore-shocks). 



Timo of 



occurrence at 
No. Hachijo- 
jimii. 
(May 13, 



Intensity. 



Duration of 



1 

2 

3 
4 

r» 

i; 

7 



4 h 44 n '13*ain. Insensible. 
5 00 50 



5 15 33 
5 19 30 
5 21 43 

5 23 09 
5 37 55 



Strong. 



Total 
Eqke. 



l m LV 

2 25 

j 0 35 
! 0 30 
0 30 

f Longer 
(than UJ m 

Do. 



Prelimi- 
nary 
Tremor. 



i IHfforenee 
it o 1 between the 
' successive times 

of occurrence. 



1(5.0- 


0.043"'" 

.... 


22 m 


37' 


10.3 


0.10 


8 


43 




0.017 


3 


57 




0.024 " 

.... 




13 


10.8 


0.027 l 


20 


15.2 


Largo. 








Do. 







The time difference between the 1st and 2nd shocks was 22m 
37s, while that between the 2nd and 3rd shocks was shorter 
and 8m 43s. The succeeding three intervals again decreased and 
were respectively 3m 57s, 2m 13s, and lm 20s. Thus in the 
present case, the fore-shocks, the first of which had occurred 
39m before the principal earthquake, quickly increased in fre- 



* These two earthquakes arc discussed more in detail elsewlicrc in this Xuml«>r. 
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quency till the latter was finally produced, indicating a rapid 
progress of disturbance at the focus. 

13. Distinction between local and large earthquakes. 

A local shock, winch may be regarded as originating from a 
centre or point and is sometimes destructive at the epicentre, is 
characterized by the smallness of its total energy. Such a dis- 
turbance seems generally to be unaccompanied by the fore-shocks. 
On tho other hand, large earthquakes, whose focus has a con- 
siderable extension and may be regarded as 1 icing equivalent to 
a collection of a great number of local centres of disturbance 
arranged along a zone, seem to be preceded on many occasions 
by minor shocks. The fore-shocks of a great earthquake may 
first occur several days or several hours before the latter, and 
their time distribution may lx> sometimes more or less periodical. 

The phenomena of fore-shocks furnish a very interesting 
subject of study, and give a practical importance to the tromo- 
metrical observation in earthquake countries. My l>elief is that a 
largo destructive earthquake will be foretold in its epicentral 
region by some fore-shocks. 

Tokyo. May, 1908. 
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1. Introduction, Earthquakes arc caused by some sudden 
underground disturbances, which may consist in the formation or 
extension of a fault, the production of a fissure or cavity, the 
subsidence or upheaval of a piece of ground, etc. These distur- 
bances themselves are, however, the results of the stresses going 
on in the earth's crust for a considerable interval of time ; a great 
shock at a given portion of a seismic region occurring in general 
only once in several years or even several centuries. When, 
therefore, an earthquake is al>out to happen, the earth's crust in 
the vicinity of its focus is in a critical condition and must be 
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very sensitive to the effects of changes in the atmospheric pres- 
sure, the amount of precipitation of rain and snow, the variation 
in the weight of the sea water in the tidal movement, etc. These 
external agencies, Avliich constitute the secondary earthquake causes 
have evidently an important hearing on the seismic phenomena, 
and the present paper contains some notes on the relations of 
these to the time distribution of the shocks in Japan * 

2. Examples of local characteristics. The following are 
some examples of the cases, in which strong or great earthquakes 
in a given region occurred in approximately the samo parts of 
the year or of the day. 

(a) The destructive earthquake of Kumamoto (Kyushu) took 
place on July 28, 1880. Its numerous after-shocks gradually 
decreased in frequency till 1804, when a strong earthquake oc- 
curred on Aug. 8. A third strong shock took place on Aug. 27, 
1005, followed by a fourth on March 10, 1007. The times of 
occurrence of these 4 earthquakes, the three last of which were 
not destructive, are given in the following table. 



TABLE I LIST OF THE SEVERE KUMAMOTO EARTHQUAKES. 



No. 


Bate. 


Timo of Occurrence. 


1 


July 28, 1889. 


11" 40 ,u pm. 


2 


Aug. 8, 1804. 


11 10 „ 


:{ 


Aug. 27, 1002. 


10 42 „ 


1 


March 10, 1007. 


K) 0:5 „ 



(/*) The severe earthquake of May 2C, 1808, at :V 0"* 0* am., 



* The tini.s ftiv always given in tin; 1st Normal lapim Time, or that .if loii^ittuto i:*5 D 1'., 
..f Orwinvich. 
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which caused some slight damage, originated in the District of 
Uonunia, near the town of Muikamachi, in the province of Echigo. 
Six years later, namely, in 1904, a second severe earthquake took 
place on May 8, at 4h 23m 19s am., the origin being close to that 
of the preceding shock. 

(c) The great sea- waves of 1890 along the north-eastern 
coast of the Main Island, known as the Sanriku* tsunami, were 
caused by an earthquake, which took place on June 15, at 7 J 
pm. Five years later, namely, in 1901, there was also some 
tidal disturbances accompanying an earthquake which occurred 
on June 15, at G£ pm. 

(d) The great Shonai earthquake of 1894, which caused 
enormous daiuage to life and property in the city of Sakata and 
the vicinity (provinces of Uzen and Ugo), took place on Oct. 22, 
at 5h 35m pm. The great Riku-U earthquake of 1890 took place 
on Aug. 31, at 5h (im pm. 

Thus it will be seen that the first three Kumamoto earth- 
quakes, (a), were in July or August, while all the four occurred 
late in the evening, namely, between 10h 03m pm. and llh 40m 
pm. The two Echigo earthquake*, (b), took place in the month 
of May, at 3h 0m to 4h 23m am. The two Sanriku earthquakes, 
(c), occurred on June 15, at G£ to 7£ pm. Finally, the two great 
destructive earthquakes of Northern Japan, (d), occurred at 5h 
0 m to 5h 35m pm. 

From these examples it may be inferred that great and strong 
earthquakes in a given district often have; a tendency to occur 
in certain months of the year, or at certain hours of the day. 
This is to lie regarded as indicating the local peculiarities, probably 

• StnrU.'i <lenotfs the throe large ]>ruvinc:eH of lliknxen, Riknchn, anil Mutm. which form 
the north-e.u-.tcrn part of the Main Islnml. 
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depending on the tidal movement of the sea water and the annual 
and diurnal variations of the barometric pressure. As an example 
relating to great earthquakes occurring along an extensive seismic 
zone, I mention the four recent destructive shocks of San 
Francisco, Mexico, and Central America, whose dates were as 
follows : — 



TABLE II. -EARTHQUAKES ALONG THE SOUTH- WESTERN 
COAST OF NORTH AMERICA. 



Date. 


Earthqtiake. 


April 19, 1902. 


. .. 

Guatemala. 


,. 18, 190G. 


Earthquake of San Francisco. 


15, 1907. 


Mexico. 


March 26, 1908. 





Thus the first three shocks occurred all in the month of April, 
between 15th and 10th, while the 4th occurred in the latter part 
of March. 

3. Strong earthquakes in Shimosa and Hitachi. The 

following table is a list of the earthquakes felt strongly at Mizu- 
kaido, Sahara and other places along the lower course of the 
Tone-</rt«a, which forms the boundary between the two provinces 
of Shimosa and Hitachi. The land areas of disturbance, within 
which the motion was sensible or was recorded by the ordinary 
Gray-Milne-Ewing type seismographs, were in each case over 
1,000 sq. ri. 
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TABLE III. STRONG EARTHQUAKES IN SHIMOSA AND HITACHI. 



No. 


Date. 


Time of Earthqnake Occurrence. 


1 


March 




1902. 


9 1 ' 13'" nm. 


2 


j» 


25, 


>> 


2 35 pm. 




Aug. 


8. 


»' 


8 37 am. 


4 


Dec. 


14. 


•» 


1 57 pm. 


5 




31, 




2 38 pm. 


(> 


May 


H, 


1904. 


7 24 am. 


< 


June 


30, 




8 21 am. 



It will be observed that four of the seven earthquakes given in 
the above table, namely, Xos. 1, 3, 0, and 7, occurred at 7 to 9 
am., while the remaining three, Xos. 2, i, and "i, occurred at 1 
to 2 pm. These two groups of the times of occurrence may be 
regarded as approximately agreeing with a pair of epochs of the 
maximum and minimum in the diurnal variation of the barometric 
pressure. 

4. General relations of the secondary causes on earth- 
quake frequency. The secondary causes of earthquakes as 
enumerated in § 1 make themselves sensible by the variation of 
the vertical pressure exerted on tho earth's crust. Let us examine 
a few simple cases of the relations of the secondary causes to 
earthquake frequency. 

(a) Suppose ab to be a horizontal layer of the earth's crust, 
which is undergoing a tension parallel to its plane. Then an 
increase or decrease in the pressure, c, applied vertically to it, 
will equally accelerate the formation of a vertical rupture or 
crack. (Figs. 1 and 2.) In the case the layer ab is undergoing 
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a compression in its plane, a variation in the external pressure 
may tend to produce a dislocation or slipping. 

(6) When the layer ab is l>eing pushed upwards from below, 
a decrease in the barometric pressure, the weight of the sea 
waters, etc., will favour the occurrence of the rupture. 

(c) When the layer ab is being pushed down, the increase 
in the pressure due to the secondary causos will tend to the same 
result. 



Fig. t Fig. 2. 

Pressure 




I give next a few cases illustrating some of these principles. 

5. Jinari* at Arima, 1899-1900. The earth sounds, or 
jinari, at the famous hot spring place of Arima, near Kobe (pro- 
vince of Settsu), began on July 5, 1890, and were very numerous 
during the several succeding weeks. The maximum daily number, 
probably about 200, was reached at the beginning of August, thence 
the frequency gradually decreasing. After the 8th of August, the 
times of occurrence of these jinari were carefully recorded at the 
city office of Arima ; the total number during the rest of the 
month being 584. In the four months of September to December 

* The Japanese word " jinari," which signifies earth smtnd, miy bo used to denote eaitlh 
quake Bounds as well as those sounds heard in volcanic and cjtbvr districts which are accom- 
jmnicd only by very slight tremblings of the ground. 
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Fig. 3 Frequency of the Jinari at Arima. 

Fig. 4 Barometric Pressure at Kobe. 
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there were altogether G50 of the jinari, which did not completely 
cease in the course of the next year. 

The origin of disturbance was situated at a distance of about 
2 km to the south of Arima among the Hokko Mountain, whose 
formation is of granite and diorite. Judging from the frequency 
distribution of the jinari in the vicinity, the focal depth was very 
small, and probably between A and 2 kin. Tho sounds, wliich were 
sometimes very loud, were mostly like tliat caused by the discharge 
of gun at a distance, or falling of a heavy mass on the ground. 
The tremblings of the ground, which followed the sounds after 
an interval of 0.5 to 1.0 second, were generally slight. On a 
few occasions, however, tho earthquake movement was quite sharp, 
and caused the falling down of some roof tiles, rolling down of 
rock fragments from mountain slopes, etc. 

Table IV gives the hourly distribution of the 1,231 jinari 
recorded at Arima between Aug. 8 and Dec. 31, 1890, and the 
mean hourly barometric height during the same interval for the 
meteorological observatory of Kobe, which was not much distant 
from the origin of disturbance. 



TABLE IV. DIURNAL VARIATIONS OF THE FREQUENCY OF 
THE J1SA11I AT ARIMA AND THE BAROMETRIC PRESSURE AT KOBE. 



Jinari at Arinm. 


Atmospheric Pressure at Kobe. 


Hour Interval. 


Number otjiiKiri. 


1 lour. 


Karomotric Height.* 


h h 

0— 1 AM. 

1— 2 


114 
48 
51 
50 
■18 


i'am. 

2 


700 + 57.78 
57.72 


2— 8 
4 

4— 5 


4 

5 


57.00 
57.01 
57.08 
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Jinari at Arimn. 


Atmospheric Pressure nt Kobe. 


Hour Interval. 


Number of jinari. 


Hour. 


Pnrometric Height.* 


ii ii 








• •> AM. 


44 


it 

G AM. 


57.85 


it— 7 


39 

1 


7 


r»8.ir> 


7— 8 




8 




58.29 


8— 0 


r»i 


9 


. r ,8.39 


0—10 


r,o 


10 


58.30 


10—11 


f>4 


11 


57.98 






11—12 


(57 














0— 1 PM. 


.- _ 

f»(J 


1 I'M. 


57.07 


1— 2 


41 


o 


r»r..,sr> 


tT\ ■ ft 

2 — 3 


r>3 


3 


5(5.84 


3— 4 


r,8 


4 


50.95 


4— 5 


C.l 


r» 


57.11 


r>— r, 




0 


57.30 


r — 7 




7 


57.5G 


7 8 


« 


8 


r,7.7<; 


8— 0 


40 


9 


57.91 


9—10 


7:5 








]o 


f,8.02 


10- 11 


G2 


n 


57.9S 


11 12 


71 


Midnight. 


-.7.88 


Sum 


1234 


i 


Mmn 


51.4 







* !l«Hliur(iun to Ktnndiml gravity = — 0.70 mm. 
deduction »o mean sen level- +5.40 mm. 



As illustrated in Fig. 3, the diurnal variation of the fre- 
quency of the jinari at Arima shows very clearly 4 maxima a, 
b, c, </, and the 4 corresponding minima, indicating a six-hour 
periodicity. Further, it will be observed from Fig. 4 that the 
diurnal variation of the barometric pressure at Kobe shows 
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the two maxima and two minima, indicating as usual a 12-hour 
periodicity. Comparing the two figures, we see that the mutual 
relation between the jinari frequency and the barometric pressure 
is striking, the two maxima, h and (/, and the two other maxima, 
a and c, of the former occurring nearly at the same hours respec- 
tively with the two maxima and minima of the latter. The 
epochs of the 1 maxima a, 6, <\ r/, indicated by the mean fre- 
quency curve of the jinari are as follows : — 

1st M;ixinmm, (a) about 3 am. 

2ml „ (b) „ 11 „ 

3rd „ (<•) „ 4 pm. 

4th „ ('0 between 10-11 „ 

The differences between the 4 maxima a, c, b, d, and the corres- 
ponding minima (the preceding minimum in each case, say), are 
as follows : — 

Difference in tlx- fmiwncy. 



1st Max. ami Min 17 

2nd „ 2S 

3rd „ 20 

4tli „ 33 

Arcraijr 25 



This average ditt'erenec may approximately be regarded as the 
efiect due to the barometric pressure, and corresponds to about 
W% of the mean hourly frequency, namely, 01.4. 

As the jinari are purely local phenomena of a shallow origin, 
it is to be quite expected that their frequency should be influenced 
by the barometric pressure. What was said a i hove indicates that 
both the increase and the decrease of the pressure equally causes 
an increase in the frequency of the jinari, in accordance with the 
principle stated in § 1, (a). 
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6. Diurnal variation of earthquake frequency in Tokyo. 
The diurnal variation of the seismic frequency in Tokyo also 
shows clearly the same characteristic as the jinari at Arima. 
The following table gives the distribution in the 24 hours of the 
day of 2,208 earthquakes instrumentality observed during the 24 
years, 187G-1899, at the Central Meteorological Observatory, and 
the mean hourly values of the barometric pressure at the same 
place.* 

TABLE V — DIURNAL VARIATIONS OF THE FREQUENCY OF 
EARTHQUAKES AND THE BAROMETRIC 
PRESSURE, IN TOKYO. 



Earthquakes (1870-1899). 


Atmospheric Pressuro. 


Hour Interval. 


Frequency. 


Hour. 


Parometric Height.t 










0- 1AM. 


92 


1 AM. 


in ni 

700 + 59.33 


1— 2 


81 


2 


59.24 


2- 3 


90 


3 


59.18 


3— 4 


85 


4 


59.21 


1— 5 


71 


5 


59.35 


5-- C 


87 


6 


59.58 


0— 7 


95 


7 


59.79 


7— 8 


92 


8 


59.95 


<s — 9 


9f5 


9 


00.00 


9—10 


113 


10 


59.88 


10—11 


93 


11 


59.49 


11—12 


81 




58.98 


0— 1 PM. 


79 


1 PM. 


58.5(5 


1 2 


91 


2 


58.31 


2— 3 


85 


3 


58.27 



* lleprodueed from the Publications of the &irtln/vat - Imrstijation <'w<mWtt, No. 8. 
t With the freezing point eorrectiou. Reduction to Htnmlnnt gravity = -0.03 mm ; 
reduction to sen-level = +1.5)1 mm. 
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TABLE V. (Cunt.) 



Earthquakes (1870-1899). 


Atmospheric Pressure. 


Hour Interval. 


Frequency. 


Hour. 


Barometric Height. 


h h 

3_ 4 PM. 


104 


4 PM. 


700 + 58.?$ 


4— 5 


97 


5 


58.52 


5— G 


HI 


0 


58.82 


0 — 7 


H9 


7 


59.14 


7 - 8 


93 


8 


59.40 


8— 9 


104 


9 


59.00 


9-10 


100 


10 


59.01 


10—11 


107 


11 


59.54 


11-12 


99 


Midnight. 


59.43 



Fig. 7, drawn from the 3-hourly earthquake numbers, repre- 
sents the mean course of the diurnal variation of the seismic 
frequency, which will be seen to be on the whole parallel to that 
of the atmospheric pressure. That is to say, the ordinary (non- 
destructive) earthquakes felt in Tokyo happen more frequently 
with the high barometer than with the low, illustrating a case 
stilted in § 4, (c). The curve of the hourly seismic frequency 
(Fig. 5) indicates, however, 4 maxima, namely, a pair of principal 
maxima, a and b, respectively at 9-10 am. and 9-10 pm., and a 
l>air of the secondary maxima, c and d, respectively at 2-3 am. 
and 3-4 pm. On comparing Figs. 5 and 0, it will be noted that, 
according to the principle of § 4, (a), the two maxima, C and D, 
and the two minima, C f and D\ of the barometric pressure 
correspond respectively to the pair of the principal maxima and 
the pair of the secondary maxima, of the seismic frequency. 



Digitized by Google 
i i 



112 



F. Onum : 



7. Precipitation and yearly earthquake frequency in 
Tokyo. It is quite conceivable that the yearly earthquake 
frequency in Tokyo is related to the amount of tin? precipitation 
of rain and snow in the plain of Musashi, on which the city is 
situated, or along the north-western coast of the Main Island, 
where a large amount of the moisture is deposited during the 
winter months. I give in the second column of Table VI, the 
yearly numbers of the earthquakes which were not teleseismic 
and which were instrumentally recorded during the 32 years, 
187G-1907, at the Central Meteorological Observatory. The obser- 
vations were made at first with Falmicri's seismograph, but since 
1887 by means of a Gray-Milne-Ewing type seismograph. It 
will be observed that the earthquake number was minimum 
(=32) in 1883, and maximum ( = 21(1) in 189G, thence the fre- 
quency is on the whole decreasing. For the sake of reference, 
I give in Table VII, the mean barometric? pressure and tempera- 
ture, and the amount of precipitation in Tokyo during each of 
these 32 years. As a trial I have taken into consideration the 
amount of precipitation at Xiigata and Akita, both situated along 
the Japan Sea coast, as the observations at these two places date 
since 1882 and 1883, respectively over the long intervals of 20 
and 25 years (Table VI). The city of Niigata, about 2(50 km to 
the NNW of Tokyo, is situated at the mouth of the Shinano-//a«.vi, 
the quarternary plain about the lower course of the latter and 
the neighbouring rivers being the largest in Japan next to the 
Tokyo plain. The city of Akita is at about 440 km to the 
north of Tokyo. 
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TABLE VI.— YEARLY NUMBERS OP EARTHQUAKES IN TOKYO. (1876-1907) 
AND THE AMOUNT OP PRECIPITATION AT Nil GAT A 
AND A KIT A (1882-1907.) 



lcnr. 


Number of 
Kiirtbt|iuvke8 

in Tokyo. 


Amouut of Precipitation. 


Kiitfiln. 


AkilR. 


Mmn. 


1870 


56 








1877 


71 








1878 


5(> 








1879 


7(1 








1KS() 


77 








1»VJ1 


61 








188-2 


40 


13U.3"".. 


inn. 


_ mm 


1883 


32 


17'J0.5 


153C.4 


1066.5 


1884 


68 


1839.3 


1650.1 


1744.7 


1885 


OS 


1935.9 


1809.5 


1872.7 


1886 


51 


1580,1 


1786.0 


1683.1 


1887 


80 


1 107/) 


1 105.3 


1 106.6 


18*8 


101 


1081.3 


1579.6 


1030.5 


1883 


113 


188-J.3 


1937.0 


1913.5 


IS'JO 


93 


I78l.y 


1971.6 


1877.8 


18:h 


123 


1H77.7 


1820.0 


1818.9 


1892 


73 


1809.9 


1641.4 


1725.7 


1BJ3 


59 


1717.3 


1775.2 


1746.6 


18yi 


101 


11 18.0 


1590.1 


1507.1 


ikd:, 


122 


ir.K.i.7 


1331.0 


1458.9 


ifm 


216 


185 1.1 


2335.1 


2094.6 


1897 


101 


2257.8 


1964.5 


2111.2 


1898 


111 


1777.6 


1(539.0 


1708.3 


1899 


121 


1853.0 


1972.3 


1912.7 


1900 


150 


1D53.3 


1861.0 


i:K)8.7 


mi 


121 


1861.1 


1651.6 


1756.5 




110 


1693.3 


1S53.8 


1773.6 


1303 


104 


1858.9 


2141.4 


2000.2 


1904 


155 


1986.5 


1956.2 


1971.4 


1905 


154 


2133.5 


1957.2 


2015.4 


1906 


132 


1713.2 


1535.0 


1024.1 


1907 


100 


1741.7 


1518.8 


1015.3 
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TABLE VII. MEAN BAROMETRIC PRESSURE AND 

AND THE AMOUNT OP PRECIPITATION. 
TOKYO. 1876-1907 



Year 



Mean Barometric 



Mean 
Temperature. 



Annual Amount of 
Precipitation. 



187(5 
1877 
1878 
1879 
1880 



1881 
1882 
1883 
1884 
1885 
188(5 
1887 
1888 
1889 
1890 



1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 



1901 
1902 
1903 
1901 
1905 

i9on 

1907 



761.1 
61.5 
61.5 
61.0 
01.3 



61.4 
61.5 
61.4 
61.2 
61.3 
61.5 
60.8 
61.0 
61.2 
61.0 



61.2 
(51.0 
61.2 
01.5 
61.1 
61.5 
61.6 
61.2 
60.7 
61.0 



60.3 
60.7 
6J.1 
60.H 
61.2 
60.3 
60.7 



13.6 
13.9 
13.6 
14.4 
13.9 



13.6 
13.8 
13.2 
12.8 
13.0 
13.9 
13.8 
13.5 
13.3 
15.0 



14.4 
14.0 
13.8 
14.8 
13.8 
14.0 
13.2 
13.9 
13.8 
13.6 



13.8 
13.7 
13.7 
13.7 
13.5 
13.1 
13.5 



1756.4 
1317.3 
1764.2 
1492.7 
1685.7 



1444.4 
1478.3 
1552.6 
1314.8 
1531.7 
1286.3 
1250.0 
1378.5 
1319.3 
1958.2 

1220.8 
1715.1 
1161.3 
1320.8 
1397.8 
1373.9 
1497.2 
1711.9 
1649.1 
1188.0 



1588.9 
1753.7 
1912.2 
1381.8 
1330.1 
1519.5 
1640.4 



• With the freezing point, aen level, and gravity t-orrectiunR. 
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The variation from year to year of the earthquake number 
in Tokyo seems to havo no marked general relation to that of 
the amount of the precipitation, or to the mean temperature 
and barometric pressure, at the same place. The Tokyo seismic 
frequency varied, however, in a close parallelism with the amount 
of the precipitation at Niigata and Akita. As will be seen from 
Figs. 0 and 10, both the absolute amount of the precipitation and 
the general course of its variation with years were nearly alike 
for these two places ; the annual amount of precipitation being 
in each case taken to 1k> a function of the time. Fig. 8 illustrates 
the variation of the yearly seismic frequency in Tokyo, and of the 
mean amount of the precipitation at Niigata and Akita (Table VI). 
The curve for the seismic frequency will be observed to l>e, on the 
whole, similar to that for the precipitation (drawn in red); the highest 
values in both occurring in the two years 189G and 1897. In fact 
the different maxima in the frequency correspond to those in the 
amount of the precipitation, and the two curves run nearly parallel 
to each other. This coincidence is probably not accidental, and the 
variation of the yearly number of the earthquakes felt in Tokyo 
may be taken to be approximately proportional to the amount of 
precipitation along the north-western side of the Main Island. 

8. Weather and destructive earthquakes. In Japan, India, 
America, and probably also in some other countries, earthquakes 
are popularly supposed to occur specially in the so-called earth- 
quake weather, namely, on sultry days. This is, however, not true, 
at least not generally. On the other hand, Carlyle says in his 
French devolution : " Hope ushers in a Revolution, — as earthquakes 
are preceded by bright weather." Whatever may be the authority 
in seismological matters of the great British author, there were 
certainly many earthquakes which occurred in bright weather. 
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Indeed the relation of earthquakes to weather is a very complicated 
question, as it involves the considerations of the atmospheric 
pressure, temperature and moisture, and the precipitation. Large 
shocks and small shakings are often governed, in their time 
distribution, by entirely opposite laws. So are also earthquakes 
of inland origin and those of submarine origin. For the present. 
I shall confine myself to the consideration of some of the great 
destructive earthquakes in Japan, of which we have the record 
of the state of the accompanying weather. There wen? 18 of 
these shocks, as follows. 




OF THE 



No. 


Date. 


Time uf 
Occurrence. 


Provinces ittrongly 
shaken. 


1 


Aug. 3. 1301. 


1 Mill. 


Kitwi Provinces,* Kii. 
Am. (Accompanied by 
Isuuarni.**) 


2 


Sept. JO, MUX. 


i) am. 


Lk?. Tulonii, Miknwn. Kui. 
Surtigii, Snpimi, Izu. 
(Accompanied by t*<i- 

tuWti.) 


3 


Sept. 21. 1510. 


3 am. 

i 


Settsu. The t«rli, or tem- 
ple gate of Skitenno-ji, 
overthrow u. 



Sept. 4, ir,:>r,. 1 " m - 



June in. n;<;>. 



11 Mil. 



K.-niiirkfi on the Weal her. 



Fair (Kyoto) 



Do. 



Do. 



Kinai rn>vintvs. On>i. Snowy (Kyoto). 
Minu. Owuri. Ise, Mika- 
\vu. (Accompanied by 
l.suivnin.) 

Yamashiro. Sett™. Iznmi. Fair (Kyoto). Continued 

(The great Keicho Earth- to be fair till Ktb ; rnin 

quake, which destroyed and wind on i)th. 
the castle of Fushimi.) 

Kinni Province*. Tutibn, In K><rto. ownsional n»ius 

WakaKu, Onii, Mino, l*e. from the. previoUH «vcn- 

Suruga. Mikawa. Shinuno. ins ; heavy rainfall at tho 

(The Kwnnhnn Earth- time of the shock, 
quake). 



* The Kinni Provinces are Yamashiro, Ynmnto, Knwachi, Izumi, ami Settsu. 
*• Tsunami ilenotes thn great tiilal disturbances which may 1*' causcrd by submarine earth- 
quakes, volcanic eruption*, or by lmrometric. depression*. 
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Time c.f 


Provinces strongly 


Remarks on tbe Weather. 


Xo. Date. 


Occurrence. 


slinken. 




' Feb. 1, IMfi. 


5 pm. 


Tnknta (Eehigo.) 


Heavy snow fall, to the 
amount of some 15 feet. 



12 



Dec. 31. 1703. 



2H. 17tr7. 



3 nni. 



t pm. 



Yedo (Tokyo), Hngnmi, 
Awn, Kaznsa. Accom- 
panied by favmnni. (The 
Gcnroku Earthquake.) 

Kyushu to Toknido. (The 
Hoei Earthquake, the 
greatest of the distur- 
bances that ever shook 
Japan in the hWorioil 
times.) 



11 Dec. S». 1802. 



11 Dec. IK, ISm 



^'.y Ogi (province of Sndo.) 



Sidjo and vicinity (pro- 
vince of Echigo). (The 
ImtiHci Earthquake.) 



7 am. 



Fair in Yedo (Tokyo). 
Odm and clear in Kyoto. 



In Kyoto, clear nnd calm. 
In Town (Shikokn), very 
clear anil bright, with no 
cloud at nil ; no wind 
throughout tbe day. un.l 
8 in 



On the 8th, very clear 



Great 
night 



Xft-JCV-fcJl-B 
Aug. 111. IS.W). 



I pin. 



storm in th. 
of the 17th. and 
min nnd strong 
wind* in the morning of 
the 18th. 



I 



Kyoto and the Kinni Fair on the 18th— '20th : 
(The. Tenpo heavy nun on the '21st ; 

fair on the 22nd mid 
23rd ; some min on tbe 
21th. 



Earthquake.) 



13 


Mny H. IS 17. 


1(1 pm. 


Shinano nnd Echigo. 
(The great Zenkoji Earth- 
quake.) 


Clear, calm and vvnrm, 
in the dny lime nnd the 
evening of the 8th. 


11 


July i», 1H.VI. 


2 am. 


Kiuni Provinces, Ipi, Ine, 
Kii. (One of tbe Ausei 
Earthquakes.) 


On the 8th, fair during 
the day time, with ruin 
and thunder in the even- 
ing (Kyoto). 


15 


**;C«l'--t--flraB 

Dec. 23. 1KM. 


'J am. 


Toknido. (One of the 
Ansei Earthquakes.) 


Fair in Kyoto, Kii, nnd 
the Toknido provinces. 


lfi 


**->c*-|--JJttB 

Dec. 24. 1S54. 


."> pm. 


Snikaido nnd Natiknido. 
(One of the Armei Earth- 
quake*.) 


Same fair weather as on 
the provioiiK day. 


17 


Nov. It. 1835. 


10 pm. 


Yedo (Tokyo.) 


During the dny. cloudy 
nnd slightlv rainy. Clear- 
ed up in the evening, 
the wind being unusual- 
ly calm. 
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TABLE VIII. (Coni.) 



No. 


Date. 


Time of 

Occurrence. 


Provinces strongly i 

1 llcmarks on the Weather. 

slmken. 

1 


1U 
IK 


Oct. 28, 1891. 


d.j* am. 


Min.vOwari E<ike. 


At Oifn, the amount of 
precipitation during Oct- 
ober ltittl was unusually 
small, there being no 
ruin fall at all between 
the 1st and 22nd of the 
month. Since the 23rd, 
there were Homo occa- 
sional mina, which cetis- 
ed completely at about 
6h 40m am. on the 28th. 
The sky began to clear 
up from about 8h 15m 
am. in the same morning. 
The great earthquake 
took place nt fih 37 ni am., 
while the barometer was 
falling. 



The relation to weather of the 18 earthquakes mentioned in 
the above table was as follows :— 

Fair or clear weather 12 earthquakes. 

Cloudy , 2 

Rainy or snowy , 3 „ 

Rainy and windy , 1 „ 

Thus it will be observed that 12 out of the 18 earthquakes 
occurred in fair or clear ireathers. Thero was only one case, 
No. 7, in which the weather was rainy and windy. This, how- 
ever, took place in Echigo, where there is during the winter 
months much wind and precipitation, so that it is not at all 
surprising that a strong earthquake should occur at Takiita in a 
bad weather. Again, of the 18 destructive earthquakes, none 
occurred in a wet sultry weather, which is a contradiction to the 
popular belief before referred to. It is extremely probable that 
tjreat shocks do not occur in very bad ireathers. 

The two great earthquakes of Iloei and Zenkoji (Nos. 0 and 
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13) and tho Ogi earthquake (No. 10), whose dates were from 
Oct. 28 to May 8, took place each on a very clear, calm and 
warm day. It is probable that these destructive seismic dis- 
turbances happened when, after the passage of the atmospheric 
depressions, the whole of Japan was covered by the high 
pressure, so that the weather was fine and calm, and consequently 
warm in the day time; just in the same way as a snow storm 
in Tokyo is generally followed by a bright and warm day. 

9. Earthquake weather and fires. None of the destructive 
earthquakes in Japan ever happened in the midst of a violent 
storm. This is a very fortunate circumstance in connection with 
the disastrous fires wliich so often break out after great shocks. 
Thus, on tho occasion of the Yedo (Tokyo) earthquake of the 
2nd year of Ansei, (No. 17), which took place at 10 pm., and 
which caused a loss of about 7,000 lives, fires broke out at 32 
different places in the city. Owing, however, to the stillness of 
air, all theso tires were put out before the day-break, the aggre- 
gate area of the burnt districts being about 1 square mile. This 
amount of the damage is much smaller than in the cases of some 
of the metropolitan fires, which were not connected with earth- 
quakes. For instance, the famous Maruyama fire of the 3rd 
year of Meireki, on March 2, 1657, caused the loss of 107,040 
lives; while the great fire of April 1, 1772, began at Meguro 
and reached, within 24 hours, to the Koishikawa, Shitaya, and 
other northern districts, reducing to ashes all the buildings within 
an area 24 km in length and 4 km in width. Theso and other 
gigantic fires in Yedo (Tokyo) all occurred on the occasion of 
great stroms, and, in the case of the Meireki catastrophe, the 
wind velocity is supposed to have reached 00 miles per hour. 
As, however, the destructive earthquakes never occurred on 
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stormy days it is to l>o expected that the fires following those 
would not extend so enormously, provided means bo properly 
taken for subduing the flames.* 

10. Effects of barometric pressure and tides. Let us 
next consider the effects on the seismic frequency of the tides 
combined with the barometric pressure, confining our attention to 
the stronger or larger earthquakes, which originated in the 
vicinity of Tokyo or off the north-eastern coast of the* Main 
Tsland. The times of the high or low waters of the tide given 
in the subsequent tables, relate to the tide-gauge station of 
lieigan-jima, Tokyo, and are practically identical to those for 
Yokohama. The tidal movements along the north-eastern coast 
of the Main Island take place some half an hour earlier than 
those at Tokyo and Yokohama. 

11. Stronger earthquakes originating from the Izu is- 
land zone. Table IX is a list of the 14 recent stronger sub- 
marine earthquakes, which originated along the Fuji volcanic 
chain, namely, from among the Izu islands or in the vicinity of 
llachijo, Ogasawara (Bonin), and other islands some distance off 
the coast of Izu peninsula ; the moment of the high or low water 
at lieigan-jima (Tokyo) nearest to the time of recurrence of each 
earthquake being also given for the sake of comparison. 



• $i 8 find 0 nro translations ut my notes in Japanese published in the " Toyo Gnk»g»i 
Zas.slii," Dev. 1806. 
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TABLE IX.— LIST OF THE RECENT STRONGER SUBMARINE 
EARTHQUAKES WHICH ORIGINATED ALONG THE 
FUJI VOLCANIC CHAIN. 



(i) Date. 


(ii) Time 
Occurrence. 


(iii) Time of High or 

Low water at 
Reigan-jima (Tokyo). 


Time 
(ii)-(iii). 


April 


10, 1890. 


ti in 
9 30 pin. 


U m 

9 18 Dm 


Low water 


b m 

0 12 


Feb. 


12, 189(5. 


6 38 am. 


4 43 am 


H it'll water. 


1 55 


May 


7. „ 


2 37 pm. 


1 51 pm. 


>» 


0 4(5 


•Tim. 


18, 1897. 


9 27 „ 


(0 38 am. 
1 (next day). 


Low water. 




March 27, 1898. 


3 24 am. 


2 59 am. 


»» 


0 25 


Jan. 


31, 1900. 


2 38 „ 


0 23 „ 


»» 


2 15 


Nov. 


5, „ 


4 41 pm. 


3 45 pm. 


High water. 


0 5G 


»> 


9, ii 


2 55 am. 


1 29 am. 


Low water. 


1 20 


>> 


19, 


10 59 pm. 


10 30 pm. 


" 


0 29 


Feb. 


20, 1902. 


10 50 am. 


10 44 am. 




0 00 


.1 une 


3, 1903. 


0 28 pm. 


11 30 „ 


High water. 


0 52 


Nov. 


13, 1904. 


9 49 am. 


8 55 „ 


M 


0 54 


Julie 


7, 1905. 


2 40 pm. 


3 03 pm. 


Ix>w water. 


-0 23 


May 


4, 1907. 


5 37 „ 


4 43 „ 


»» 


0 54 
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With regard to the diurnal variation of the barometric 
pressure, the times of the earthquakes tabulated above may be 
grouped, except the 2nd and the last, as follows: — 



(B). 



9 30 pm. 
9 27 „ 
10 50 „ 

10 50 am. 
0 49 „ 



(D). 



2 37 pm. 
4 41 „ 
0 2H „ 

12 40 „ 

3 24 am. 

'2 38 .. 



1 «2 U»J 



The two groups .1 and B oceuiTed at the hours of the barometric 
maximum, while the two other groups C and D occurred at the 
hours of the barometric minimum. 

The difference between the time of earthquake occurrence 
and the nearest moment of the high or low water of the tide 
varied, except in the case of the 4th earthquake, between Oh 12m 
and 2h 15m, giving the average value of 50m. This is to lx» 
regarded as the interval by which the different earthquakes 
followed, except in one case, the high or low water in the Tokyo 
liay, which happens not much apart in time from that along the 
islands of the zone in question. 

12. Recent strong earthquake* felt in Tokyo. In § X 1 
have considered some of the great destructive earthquakes in 
Japan in relation to weather. Tinning now our attention to the 
recent earthquakes felt in Tokyo, we have 14 cmscs, in which 
the motion was strong or severe ; amongst others, the shock 
( No. 7 ) of June 20, 1894, was semi-destructive and caused a 
considerable amount of damage. The relation of their times of 
occurrence to the low or high water epoch of the tide and the 
barometric pressure is shown in the following table. 
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TABLE X. -LIST OF STRONG EARTHQUAKES FELT IN TOKYO. 

(h) High wntcr : (1) Low wa'.er. 

Time of Time of High or liarometrie Preswure. 

So. Uite. Earthquake ^^Jr^' (With aea-level and freezing 

Tokyo Buy. point correction*). 



1 


Feb. 


•2-2. 1880. 


t. 

0 


49" 


am. 


2 


Ort. 


15. 1*84. 


4 


'21 


am. 


3« 


Jan. 


15. 1887. 


li 


51 


pm. 


4* 


April 


•29. 1888. 


10 


00 


am. 


5 


Feb 


18. 18H9. 


1; 


09 


am. 


r>* 






' ■ 


'((> 


am. 


7- 


•Tune 


•20, ISM. 




04 


pin. 


s 


.Inn. 


18, 18'Jj. 


10 


48 


pm. 


u 


April 


•2.5. 11*01. 


:» 


M 


uni. 


10 


.hint- 


•23. 1J02. 


7 


U 


am. 


11 


Feb. 


•24. moo. 


•J 


14 


am. 


12 


June 

Sept. 


11. 1907. 


8 


.VJ 


nm. 


1:1 


•2-2. 11X17. 


1 


r.o 


nm. 


ii* 


Sov. 

► 

j 


•22. 11)07. 


•2 


17 


am. 



■2 08%!. (hi Min. 751.0 mm. Pressure rose after 

lh* dl**. 

•2 00 am. (h 1 Mill. 754 mm. at 4 pm.. on 1 Uh. 

f ? 48 I'™- Min. 754 mm. at 2 am., on 15th. 

(hi 

pm. <li crenaing. 

7 04 am. (h> Min. 740 mm. at 2 pm.. on 17th. 

5 07 nm. (1| liar, height ^762 mm. pressure in- 



/ 7 13 am. (hi Bar. Wight = 755) mm. pre-wore <1«- 
1 1 25 pn 



0 42 pm. 0) M* 11 - 7il 7 >«>"• Ilt 3-8 pm., ou 
20th. 



752.0 

3 23 am. (1> On 23nl. Min. 757 mm. at 4 urn.. 
Treasure inemesirjg 

0 31 nm. (h) Mill. 7U.5tiiiii, at 7 am. on 21th. 



0 57 am. (h) Mean prewure on 2 1th = 750 
Barometer ascending. 

j 1 IG I'm 0! Mln - 740 mm ' at 10 l,m - 0,1 l3th - 



t; -rj ,1,1 Pressure in the noritud ijuuiuuu. 
t> -1 am. (ft) ^ height = 750 mm at Cam., on 
•22 ml. 

2 00 am. (1> Max. 774 mm, at 0 am., on 22nd. 



* I'jirttupudu'K of inLitid origin. 



With regards to the atmospheric pressure, it is a notable 
fact that 8 out of the 14 earthquakes were accompanied by the 
marked depression of 741.') to 754.7 mm. and one by a very 
high pressure of 774 mm; there lx<ing only ."> earthquakes which 
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occurred when the pressure was in the normal condition, U'twcen 
750 and 702 mm. Of the H cases of barometric minima above 
noted, 4 preceded, 2 followed, and 2 were nearly simultaneous 
with the respective earthquakes. These relations to the atmos- 
pheric pressure of the strong and severe shocks need not 
necessarily be similar to those in the case of the great destructive 
earthquakes (§ 8). 

The difference between the time of earthquake occurrence 
and that of the corresponding high or low water of the tide 
varied in 11 out of the 14 cases, between Oh 0m and 2h 21m: 
only in the 3 remaining cases, earthquakes happened midway 
between the high and low waters. Again, of the 8 earthquakes 
accompanied by barometric depressions, six were of submarine! origin, 
and five of these occurred near the time of the high waters. On the 
other hand, of the 5 earthquakes of inland origin, three occurred 
with the low water and two between the low and high waters. 

13. List of the stronger earthquakes whose origins were 
not much distant from Tokyo. The two tables XI and XII 
give a list of the 145 stronger earthquakes, which happened 
between 1902 and 1907, and whose origins were mostly in the 
Kwanto provinces* or off their coasts not much distant from 
Tokyo. The land area of disturbance of each of these earth- 
quakes, including that in which the motion was insensible but 
was recorded by the ordinary (iray-Milne-Kwing type seismo- 
graphs, was greater than 1,000 square rl. (See also the Bulletin, 
Vol. II, Xo. 1.) The time of the low or high water in the Tokyo 
J Jay nearest to that of each of the earthquakes is given in the 
4th column of the two tables. The different earthquakes are 
divided into ten groups according to the positions of their origins. 

• The Kwniito immnces uru Sngnmi, MuBtwhi, Awa, Kuztwn, Shim<*n, Jlitndii. etc. 
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TABLE XI.— STRONGER EARTHQUAKES WHOSE CENTRES WERE NOT 
MUCH DISTANT FROM TOKYO. INLAND ORIGIN. 









(i) Tim 


o <»f 


(ii) Timo of the 


Tiroo 




l)at*>. 


Earthquake 


Iligb or Low 
















Water. 




(i) <»)• 




Dec. 9, 1902 
March 13, 1903 


•I 


53"' nra. 
04 pm. 


, 5>'00 n 'ani. (1) 
1 11 02 pm. (h) 
U preceding «lny). 
5 23 pm. (h) 


h m 

-2 19 


Group I. 


April 
May 
May 


24. 1905 
30, ,. 
10. 1906 


r. 
a 

4 

2 


15 
32 
34 


urn. 
urn. 
pm. 


3 :13 
2 33 
1 54 


urn. (lj 
nm. (h) 
pm. (1) 


1 42 

1 59 
0 40 




July 


27. 1907 


4 


23 


pm. 


1 55 


pm. 


(1) 


i in 




Nov. 


10. .. 


2 


03 


am. 


3 12 


am. 


(1) 


- 1 09 






22. ., 


2 


17 


am. 


2 06 


nm. 


(1» 


0 11 






17. 1902 


4 


18 


nm. 


4 59 


am. 


<l> 


-o u 




April 


li 


5 


32 


am. 


5 03 


am. 


(1> 


0 29 


Group II. 


•Inly 


1. .. 


2 


01 


nm. 


0 40 


am. 


<b) 


1 21 


Sngnmi. 


Sept. 


16. .. 


3 


19 


am. 


4 09 


am. 


(h) 


-0 50 




July 


9. 1903 


J 


00 


pm. 


/ 0 11 
{ 5 14 


pm. 


(1) 
(h) 







JllO. 


15. 1911ft 


7 


55 


am. 


H 49 


am. 


00 


-0 54 




Manl 


i 3. 1002 


i 


35 


pm. 


0 36 


pm. 


0) 


1 59 




.Time 


20. .. 


5 


49 


pm. 


4 58 


pm. 


00 


0 51 




Nov. 


5. .. 


.-> 


49 


pm. 


f 3 00 
1 H 08 


pm. 
pm. 


(1) 
00 






Mnreh 13, 1903 


1 


11 


pm. 


0 21 


pm. 


(1) 


0 50 


Group III. 

Western ,rf Hitjichi, 


Inly 


C ,. 


3 


19 


am. 


2 42 


am. 


00 


0 37 


nncl Shimotsmkc. 




IS. .. 


4 


51 


nm. 


3 1« 


am. 


(1) 


1 35 






21, „ 


2 


06 


pm. 


2 21 


pm. 


(h) 


-0 18 




April 


27. 1904 


3 


11 


am. 


3 no 


am. 


(b) 


0 14 




Sept. 


17. 1906 


5 


!i7 


pm. 


5 18 


pm. 


(ID 


0 09 




April 


18, 1907 


2 


33 


am. 


2 23 


nm. 


(1) 


0 10 


Group IV. 


May 


25. 1002 


K 


29 


pm. 


7 02 


pm. (h) 


1 27 


Kid. 


Feb. 


3. 1903 


4 


59 


am. 


3 27 


am. 


(1) 


1 32 
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TABLE XI. (Cont.) 



Origin of Eqke. 



Group V. 

Sbimosa, vicinity of 
Kasumiga-uru (Hitachi), 
Knznsa, eastern part 
of Musashi. 



Date. 



March 3. 


1902 


>, 25, 




May 15. 




AtiK- 8. 


•> 


Dec. 14. 




31. 




Jan. 5, 


1903 


March 12. 


H 


April 22. 


•• 


May 6. 


,» 


June 7. 


'• 


Dec. «J, 




March 12, 


1901 


April 4. 




May 8, 




June 30, 


" 


Aug. 4. 


** 


Oct. 5, 


»» 


April 6, 


1905 


May 30. 


»• 


June 11, 


M 


Sept 21. 





Cct. 
Jan. 
Fob. 



24. 
19. 
9. 
IK. 



(i) Time of 
Fartl'.iptnko 
Occurrence. 



1906 



May 21. 
29, 



9>' 13«'aiu. 

2 35 pm. 

7 38 am. 

8 37 am. 

1 57 pm. 

2 38 pm. 
8 44 am. 
5 35 am. 
5 02 am. 
8 52 am. 
8 38 am. 
8 55 am. 
« 12 am. 
8 20 am. 

7 24 am. 

8 21 am. 

9 49 pm. 
0 35 am. 
9 30 pm. 
4 32 am. 

11 51 pm. 

10 00 pm. 
2 08 am. 
9 10 am. 
« 51 pm. 

2 15 pm. 

3 56 pm. 

11 22 pm. 



(ii) Time of the 
nigh or Low* 
Water. 



11'' 13"' am. (h) 

1 09 pm. (1) 

5 57 am. (1) 

8 05 am. Ih) 
4 35 pm. (h) 
1 14 pm. (1) 

9 00 am. (h) 
4 23 am. (h) 
7 55 am. (1) 

7 27 am. (1) 
10 11 am. (1) 

ft 30 am. (h) 

8 51 am. (1) 

7 49 am. (h) 
fi 03 am. (1) 

6 43 am. Ih) 
10 3t pm. (h) 

1 24 am. (h) 
( 0 16 pm. (h) 
J 1 31 am. (1) 

(next .lay). 

2 33 am. (h) 

I 0 12 am. (h) 
((next day). 

10 05 pm. (h) 
0 50 am. (h) 

8 1* am. <h) 

3 39 pm. |h) 
0 42 am. (I) 

(next ilay). 

11 22 am. Ih) 

4 57 pm. (h) 
10 11 pm. (h) 



Time 
Difference 
<iH«). 



-2HW" 

1 26 

1 41 

0 32 
-2 38 

1 21 
-0 16 

1 12 

-2 53 

1 25 

-1 33 

0 23 

■ 2 39 

0 31 

1 21 

« 

l as 

-0 45 

-0 49 

1 59 

-0 21 

-0 05 

1 18 

0 52 

2 53 
-1 01 

1 11 
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TABLE XI. (TW.) 



()n^{io (if EqIco 


Date. 


(i) Time of 
Earthquake 


(ii) Time of the 
High or Low 


Time 
(i)— (ii> 




Aug. 


21. 


1900 


5 h 


42" 


am. 


51.3310 


am. 


0) 


0»« 


19"' 






22, 


** 


0 


08 


am. 


1 13 


am. 


(1) 


-1 


05 




Oct. 


6, 


»♦ 


6 


35 


pm. 


6 43 


pm. 


lb) 


-0 


08 


Group V. 


Nor. 


12, 


»• 


11 


07 


pm. 


10 03 


pm. 


(1) 


1 


04 


Shimoan, Vicinity of 
Kiisuruigji-ma (Hitachi), 


Dec. 


24, 


»• 


5 


46 


pm. 


8 06 


pm. 


(1) 


-2 


20 


Knrnaa, eastern part 
of Moaaahi. 


Jan. 


3. 


1907 


3 


42 


am. 


2 39 


am. 


<D 


1 


03 


{Conf.) 


Feb. 


22, 




9 


57 


pm. 


8 02 


pm. 


(D 


1 


55 




March 13. 


*• 


0 


38 


am. 


(11 53 pm. (1) 
((preceding day) 


0 


45 




July 


•2. 


■* 


5 


45 


am. 


4 32 


am. 


(1) 


1 


13 




Nov. 


28. 




11 


28 


am. 


0 01 


pm. 


(b) 


-0 


33 




Dec. 


11. 




5 


54 


pm. 


4 11 


pm. 


(1) 


1 


43 



TABLE XII. STRONGER EARTHQUAKES WHOSE CENTRES WERE 
HOT MUCH DISTANT FROM TOKYO. SUBMARINE ORIGIN. 



Origin of Eqke. 


Date. 


(i) Time of 
Earthquake 
Occurrence. 


(ii) Time of the 
High or Low 
Water. 


Time 
(i)-(ii) 




May 


17. 


1902 


1" 


18"' 


• pm. 


Ih50» 


pm. 


(h) 


-0" 


32»> 




Oct. 


16, 


»» 


1 


57 


am. 


4 16 


am. 


<") 


-2 


19 




Feb. 


13, 


1903 


0 


45 


pm. 


1 28 


pm. 


(1) 


-0 


43 




July 


1. 


»• 


9 


10 


am. 


10 03 


am. 


(h) 


-0 


53 




Doc. 


18. 


•1 


11 


'20 


am. 


11 54 


am. 


(1) 


-0 


34 


Group VI. 


March 


8, 


1904 


3 


40 


am. 


4 31 


am. 


(1) 


-0 


51 


Off tho^ouoRt of 


















Oct. 


'2. 


1905 


10 


54 


am. 


f 7 26 
{ 2 42 


am. 

pm. 


<h) 
ID 








Deo. 


26. 




0 


11 


pm. 


0 22 


pm. 


(D 


-0 


11 




Jan. 


25. 


1907 


6 


35 


pm. 


no 12 
t 1 02 


pm. 
pm. 


(D 
(h) 








April 


30, 


.. 


0 


51 


pm. 


2 05 


pm. 


ID 


-1 


14 




May 


5, 


»• 


2 


16 


am. 


4 51 


am. 


ID 


-2 


35 




Oct. 


15. 


« 


9 


05 


am. 


j « 02 
1 1 54 


am. 
pm. 


ID 
(h) 
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(Cout.) 



Origin of Eqke. 



\i\ Time «f 



(ii) Time of the 
Hifth <it Low 
Water. 



Differfnii- 
Ci»Hii> 



Group VII. 
Off the count of 



Group VIII. 

Off the E. const of 
Awft-Knztinft Peninnnln. 



Nov. 13. 1902 

Oct. 27. 1904 

I>ec. 12. .. 

Oct. 10. 15)05 
Nov. 2, „ 

May 18, lUOR 

•■ 19, «• 



8* 15'" 

6 24 

•j 

10 54 

11 21 

y 3« 

1 31 



nm. (1) 

ft 37 niu. <h> 

[ f> 29 nm. (li) 
0 46 |»m. <1> 

1 i '21 nm. (1) 



8 45 «m. (h) 

9 03 pm.(l) 
'2 41 urn. (h) 



July 


26, 190'2 


Jan. 


31. 1903 


Mnrci 


26. 


April 19. ,. 


July 


12. 1901 




15. .. 




16. .. 




17, ,. 


• t 


IX. .. 




19. .. 




20, .. 


Feb. 


17. 1906 


H 


'23. 


•» 


24. . 


Miirck 


6. ., 




14. .. 


April 


X, ., 


May 


7. .. 




'28. .. 


Sept. 


9. 


Oct. 


19. ., 



7 r.i 

1 47 

0 59 

7 4H 

7 40 

3 44 
10 09 

4 27 

7 51 
6 20 

0 30 
6 41 
6 49 
9 14 

1 3ft 

8 32 

2 52 

8 01 
6 59 

3 53 

9 29 



pin. 
pm. 



8 39 nm. <h} 

1 47 am. (1) 

3 37 nm. (h) 

' 5 02 pm. (1) 

1 10 38 pm. (b) 



4 46 pm. (h) 

1 39 nm. (1) 

7 26 am. (b) 

3 08 nm. (It 
9 29 pm. (h) 

5 03 pm (1) 

10 58 am. (h) 

4 20U nm. (1) 
9 52 am. (b) 

5 13 pm. (h) 

6 50 nm. (b) 

2 48 am. (h) 

8 13 pm. (h) 

0 41 pm. (1) 

f 3 55 am. (h) 

111 27 am. (1) 

6 45 nm. (b) 



pm. 



3 23 am. (1> 

5 31 pm. (h) 
1 45 am. (1) 



-pi M'» 

-0 13 

0 33 

2 36 

0 33 

-1 10 



-0 48 

0 <» 

-2 38 

2 r,i 

2 or. 

2 43 

1 19 
-1 38 

1 17 

1 32 

1 36 

2 24 
-1 10 

0 19 

2 11 

0 14 

0 30 
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TABLE XII. ((h,J.) 



Origin of Eqke. 


Dnte. 


(i) Time of 
Earthquake 


fii) Time at the 
High or Low 
Water. 


Time 
Difference. 
(iM«) 





Nov. 


11. 


rJUb 


0" 


33" 


1 am. 


fll^S" 1 pm. (h) 
| ( preceding day). 


1" 


(fi" 1 






23. 


•* 


3 


32 


pm. 


5 52 


pm. 


(!) 


-2 


2o 


Oroap VIII. 


Jan. 


'25, 


11*07 


0 


33 


nm. 


3 26 


am. 


(b) 


-2 


53 


Off lh<< rout of 
























Awn-KAZnm Peninmiln. 


Feb. 


fi. 




5 


3« 


pni. 


5 18 


pm. 


(D 


0 


20 




June 


11. 




8 


59 


am. 


i A OQ 

1 4 P 

\ 1 16 


nm. 
pm. 


(h) 
(1) 








», 


14. 




1 


43 


pm. 


2 38 


pm. 


(1) 


-0 


55 




Sept 


22. 




4 


50 


urn. 


5 27 


am. 


(b) 


-0 


37 




Apri 


18, 




8 


03 


pm. 


6 57 


PHI . 


(h) 


1 


oo 


Oroap IX. 


.Inn. 


». 


1906 


11 


00 


pm. 


11 50 




(J) 


-0 


50 


Off the aaiat of Sagnmi, 














( 6 46 


pm. 


(h> 






and oatmde tlx- 
Tokyo liny. 


Nov. 


7, 


,, 


11 


54 


pm. 


I J. Ifc 
1 * ID 

'(next 


am. 
day) 


0) 








Oct. 


13, 


1907 


1 


40 


pm. 


2 35 


pm. 


0) 


-0 


i'.) 




March 


12, 


1802 


10 


48 


nm. 


| 1 53 
1 6 36 


pm. 
am. 


(1) 
(b) 






April 


r>, 


H 


7 


23 


pm. 


10 16 


pm. 


(1) 


-2 


53 




», 


<•'. 


f» 


2 


13 


nm. 


3 30 




(h) 


-1 


17 




Jane 


23, 


H 


7 


42 


nm. 


6 31 


am. 


(b> 


1 


11 




Ang. 




i* 


0 


■Ml 

.Jo 


pm. 


2 40 


pm. 


(1) 


-2 


04 




Oct. 


12. 


t« 


10 


24 




/ 7 41 
1 38 


am. 
pm. 


0) 
<h) 








Ang. 


23. 


1903 


5» 


33 


pm. 


5 47 
1 05 


pm. 
am. 


(h) 

U) 






Oroup X. 


Oct. 


27. 




a 


57 


pin. 


y 47 


pm. 


(b) 


0 


1U 


Tokyo Day, and 


















Urngn Channel. 


Nov. 


«. 


» • 


7 


04 


pm. 


5 53 


pm. 


(h) 


1 


11 






10, 




6 


51 


pm. 


{ 3 51 
| 9 04 


pm. 
pm. 


<D 
<b) 








Feb. 


26. 


1904 


5 


50 


pm. 


7 39 


pm. 


(1) 


-1 


45) 




May 


17, 




4 


03 


pm. 


1 35 


pm. 


(I) 


2 


28 




•• 


27. 


t» 




41 


nm. 


3 28 


am. 


(b) 


2 


13 




»• 




*l 


7 


46 


nm. 


10 36 


nm. 


(1) 


-2 


50 




March 


4, 


1905 


9 


18 


pm. 


11 53 


pm. 


(1) 


2 


35 




>• 


«■ 




6 


OK 


nm. 


5 2C 


am. 


(b) 


0 


42 
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TABLE XII. (Co,xt.) 









(i) 


Time of 


(ii) Time of 


the 


Time 


Origin of Eqke. 




Date. 


Earthquake 


IT int. 
Jllgll 


or Ixiw 










Occurrence. 


Water. 




fi) — (ii)- 




July 


19, 1905 




03™ 


pm. 


7''ll m pm. 


(h) 


-2'' 


08°' 




Ang. 


12, ,. 


9 


28 


pro. 


10 35 


pm. 


0) 


_1 


07 




Sept. 


3. ,. 


2 


02 


am. 


2.42 


am. 




-0 


40 




Oct. 


14. .. 


11 


54 


am. 


0 44 


pm. 


(1) 


-0 


50 




Dec. 


30, „ 


7 


53 


pm. 


8 21 


pm. 




-0 


31 


Oroup X. 
Tokyo Bay, and 


Jan. 


9. 1906 


9 


5G 


pm. 


f 0 42 
1 (next 


am. 
day) 


(» 


-2 


46 


Umgn Channel. 


May 


•21. ,. 


2 


21 


pm. 


4 57 


pm. 


(h) 




36 


(Cont.) 
























24. ,. 


2 


17 


pm. 


1 33 


pm. 


(1) 


0 


41 




*• 


30. .. 


9 


27 


pm. 


11 02 


pm. 


<t) 


-1 


35 




Aug. 


5, ,. 


4 


53 


am. 


5 02 


am. 


(h) 


-0 


09 




*• 




5 


3-2 


nxn. 








0 


30 




Oct. 


1. 1907 


6 


16 


pm. 


7 18 


pm. 


0) 


— 1 


02 




Nov. 


21, ,. 


1 


32 


pm. 


0 33 


pm. 


(1) 


0 


59 



Earthquakes of Inland Origin, Groups I to IV. Groups I 
to IV, Table XI, include tho 26 earthquakes which originated, 
in the regions adjacent to the plain of tho lower course of the 
Tona-gawa and its tributaries, namely, in tho provinces of Musashi 
(eastern part excepted), tSagami, western part of Hitachi, Shimo- 
tsuke, and Kai. A striking feature in the diurnal distribution of 
these inland earthquakes is that, witli tho exception of the two, 
which occurred between 7 and 0 pm., they have all taken place 
between 1 and 6 am. and 1 and G pm., namely, at those hours 
when the barometric pressure is maximum. (See also Table XIII.) 

The relation of the 26 earthquakes to the phases of the tide, 
was as follows : — 

(a) 11 occurred with the high tide ; 
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(b) 12 occurred with the low tide ; 

(c) 3 „ between the high and low tides. 

Again of the earthquakes of (a) and (b), 17 occurred after, 
and 0 occurred before, the low or high water. Taking the average 
from the cases of these 23 earthquakes, the latter followed the 
high or low water by a mean interval of 31 minutes. 

/Earthquakes of Inland Origin, Group V. The earthquakes 
of Group V originated in the extensive quarternary tracts, which 
comprise the province of Shimosa, the vicinity of the Kasumiga- 
ura (Hitachi), the eastern part of the province of Musashi, and a 
portion of Kazusa. The positions of the origins of some of these 
earthquakes, all inferred from the area of disturbance aud the 
isoseismal lines, are uncertain, and were possibly off the Pacific- 
coast of the Awa-Kazusa peninsula. 

In the diurnal distribution, the earthquakes of Group V do 
not show the same characteristic as those of Groups I to IV, but 
are similar to the submarine disturbances of Groups VI to X. 
Out of the 30 earthquakes, 21 occurred with the high water, 15 
with the low water, and the remaining 2 between the high and 
low waters. Again, 23 of these earthquakes took place before, 
and 15 after, the high or low water. 

Earthquakes of Submarine Origin. The 80 earthquakes of 
Groups VI to X originated off the Pacific coasts of the provinces 
of Hitachi, Shimosa, and Sagami, and of the Awa-Kazusa peninsula, 
or in the Tokyo Hay. The following table gives the hourly 
frequency of these earthquakes taken conjointly with those of 
Group V, as well as that of the inland shocks, Groups I to IV. 
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TABLE XIII.— DIURNAL VARIATION OP 
EARTHQUAKES OF GROUPS I to X. 





A.M. 


P.M. 


Hour. 


(a) EqVee of 
Gionps I to IV. 
(Inland Origin.) 


(t>) Eqkea of 
Group* V to X. 


(a) Eqkes of 
Group* I to IV. 
(Inland Origin.) 


(b) Eqkes of 
Groups V to X. 


0—1 


0 \ 




<> \ 




0 




5 \ 




1—2 


1 




4 




1 




5 




2—3 
:i— 4 


4 


• 14 


4 
4 




3 
2 


■ 10 


6 
2 


24 


4—5 


4 




4 




1 




1 




5 — (> 


2 j 




fi , 








5 , 




0-7 


0 1 




ii 




0 < 




7 




7-8 


1 




r> 




0 




<; 




8— 9 

9- 10 


0 
0 


1 


10 

*> 


35 


1 

0 


■ 1 


2 

n 


32 


10—11 


0 




5 




0 




i 




11—12 


o 








0 ; 




5 , 





As Avill he scon from the above table, the earthquakes of the 
submarine and coast origins, namely, those of Groups V to X, 
show a tendency of occurring more frequently between G and 1:2 
am., and l>etween 6 and 12 pm., than during the earlier hours 
both in the forenoon and afternoon. This is approximately the 
reverse of the order of occurrence of tho maxima in the diurnal 
variation of the earthquakes of inland origin, Groups I to TV. 

Of the 80 submarine earthquakes of Groups VI to X, 33 each 
occurred with the high and low waters, while the remaining 11 
occurred between these two phases of the tide. Again, 29 of the 
earthquakes occurred after, and 38 before, the times of the high 
or low water. 
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TABLE XIV. SIX-HOURLY DISTRIBUTION OF THE EARTHQUAKES 





(M5 A.M. and IMJ P.M. 


<; 12 A.M. and C--12 I\M. 


Orisin. 


With High 
Water. 


With Low 
Wider. 


Itetween 
High And 
Low Waters. 


With High 
Water. 


With Low 
Water. 


ltetwivn 
HiRh and 
Ix>w Water*. 


Inland. 

Groujw 1-IV. | 




12 


3 


'2 


0 


0 


SliirnuNft. etc. ) 
Group V. | 




s 


0 


12 


7 


2 


Submarine 1 
finmpn VI-X. J 


15 


•20 


0 


1H 


i:i 


It 



From Table XIV, it will he observed that the 10 submarine 
and coast earthquakes of Groups Y-X, whose times of occurrence 
were between those of the high and low waters of the tide, hap- 
pened exclusively between C and 1*2 am. and between f> and 12 
pm., namely, as follows :- - 



(>'' 3","' 


pm. 


9" 29'" 


pm. 


i; 41 


am. 


9 30 


pm. 


<; r»i 


pni. 


9 33 


pm. 


<; r,i 


pm. 


9 f>9 


am. 


7 18 


pm. 


10 21 


nm. 


8 01 


fim. 


10 18 


am. 


8 -,<> 


am. 


10 51 


am. 


9 05 


am. 


11 51 


pin. 



Taking the average of these times of occurrence, irrespective of 
their being antemeridian or postmeridian, we obtain the value 
of 8h ">8m, or about l)h am. and 9h pm. These hours, which 
correspond to those of the barometric maxima in the diurnal 
variation, may be taken as giving the probable time when a 
strong earthquake, in the region under consideration, is to take 
place intermediate between the high and low water epochs. 
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Diurnal Variation of the Seismic Frequency in relation to the 
Phwe* of the Tide. Table XV gives the diurnal variations of 
the earthquakes occurring with the high water and the low 
water, and lx*twcen these two, the (5 roups I to X being taken 
together. 



TABLE XV.— DIURNAL VARIATION OF THE SEISMIC FREQUENCY 
IN RELATION TO THE PHASES OF 



Hour. 



Earthquakes occurring 



with High Water, with Low Water. 



between High and 
Ixiw Waters. 
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Thus the earthquakes corresponding to the low water occurred 
twice us frequently between 0 and 0 am. and between 0 and 0 
pm., as during the remaining hours. On the other hand, the 
earthquakes corresponding to the high water and the middle of 
the high and low waters, occurred not less or more frequently 
between 6 and 12 am. and between 0 and 12 pm., than during 
the other hours. It thus seems that, on the whole, the moderate 
earthquakes shaking the vicinity of Tokyo tend to occur more 
frequently with the minimum barometric pressure and the low 
tide, as well as with the maximum barometric pressure and the 
high tide. This is in accordance with one of the principles ex- 
plained in § 4. 

14. Conclusion, The results obtained in the foregoing §§, 
which are only fragmentary notes on the secondary seismic causes, 
show nevertheless that these latter play a very important jjart 
in the distribution of earthquakes during the day, the year, the 
lunar day, etc. As these secondary causes probably determine 
the ultimate moment when a long-continued underground stress 
gives rise to a sudden disturbances, their careful study Avill be, 
in conjunction with tho observation on the fore-shocks (see the 
preceding article), and the investigation on earthquake zones, of 
help in approximately predicting under favorable circumstances 
the earthquakes likely to happen in a given district. For an 
illustrative example in this connection, I may refer the reader 
to my preliminary note on the Formosa earthquake of March 17, 
1000 (the Bulletin, Vol. I, No. 2). The periodicity of earthquakes, 
other than the diurnal and the annual, also probably depends to 
a great extent on the secondary causes. 
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On the Destructive Earthquakes in the Shinano-gawa 
Valley and those along the Japan Sea Coast. 
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F. OXORT, 8c. D., 

Member of the Imperial Earthquake Investigation Committee. 
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CONTENTS. 

§ 1. Earthquakes in the Shinano-«7fnr i Valley. 

S 2. Zenkoji Earthquake of 1RI7. 

§ 3. Sanjo (Echigo) Earthquake. 

§ 4. 1'zeti antl Surto Earthquake. 

S 5. Relntion of Zenkoji Earthquake to the two other*. 

$ 6. Relation between the former destructive am) the recent 

strong earthquakes in the Shinnno-^atM Valley. 

§ 7. Destructive earthquakes along the Japan Sea «msl. 

1. Eavthquakett in the Shinano-gawa valley. The Zenkoji 
earthquake of 1847 and the Sanjo earthquake of 1828 were two 
great historical shocks which occurred in the ShinaiKW/a<r« valley. 
I give next a short account of these disturbances and also of the 
Sado-Uzcn earthquake of 183:?, whose origin was in the Japan Sea. 

2. Zenkoji earthquake of 1847. (See Fig. 1.) The great 
disturbance in the 4th year of Koka, generally known as the 
Zenkoji Earthquake, took place on May 8, 1847, at about 9 pin., 
and was one of the most violent shocks which ever occurred in 
Japan, the total number of the killed being not less than 8,600. 
The region of destructive motion of tho earthquake, which shook 
strongly the northern part of the province of Shinano, and a 
portion of the province of Echigo, stretched from a place some 
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f> km to the east of the city of Takata, on the north, to the 
vicinity of the town of Matsumoto, on the south. The area, which 
was about 2,100 si], km, with an average width of alx)iit 32 km, 
run in a 8WS-NEN direction for a distance of 110 km. along the 
main course of the Shinano-f/af/vf and its tributary, the Hai-gatra. 
On the south-east, it extended along the Chikuma-f/rt««, another 
tributary of the Shinano-r/«>/ rt, to the vicinity of the town of Ueda ; 
while, on the north-east, it reached almost to the boundary of 
the province of Shinano and the Naka-Uonuma and Higashi-Kubiki 
counties of Echigo. 

The protnl>erance of the area in question on the north was 
probably due to the softness of the alluvial formation of the plain 
of Takata. The damage was, on the other hand, comparatively 
light in the mountainous region between Matsumoto and Ueda, 
partly on account of the scarcity of population. 

The region, within which the greatest amount of damage 
was done, was about 480 sq. km in area, with an average width 
of 10 km, and extended for a distance of about 50 km from the 
vicinity of Iiyama on the north-east, to Shinmachi on the south- 
west, also branching out to the town of Inariyama on the south. 
This area, which was situated almost entirely on the west side 
of the .Shinano-tfmrcf and Sai-<7fl/r</, was made up mostly of tertiary 
and volcanic formations, and included amongst others, the follow- 
ing towns and villages : — 



Nagano Almost entirely destroyed. 

Inariyamn 500 people killed. 

Shiosaki-murn 1,4(K) (out of 1,000) houses destroyed. 

Mure Almost entirely destroyed. 

O-koma Do. 

Xojiri 83 houses destroyed. 
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The central axis of the area of the greatest damage extended 
from a little west of Iiyama, through the vicinity of Mure, to the 
valley tract of the S&i-gawa at some distance to the south-west 
of Nagano. 

The city of Nagano suffered very severely, and was almost 
entirely destroyed by the shock and the subsequent fires ; the 
number of the houses overthrown being, in the town or business 
quarters alone, 2350, of which 2191 were burnt. In Nagano and 
the suburbs, there were altogether 2,452 houses destroyed by tire, 
there lx?ing only 191 houses which escaped both shock and flame. 
The number of the killed, which could be ascertained, was about 
2,400 ; this heavy amount of casualty being, in a great measure, 
due to the fact that tho disastrous earthquake took place when 
multitude of people from different parts of the country were staying 
at Nagano, to attend the religious festivals held at the Zenkoji. 
The latter, which is one of the most sacred Buddhist temples in 
Japan, received no material damage from the earthquake, although 
the huge wooden structure must have been shaken tremendously, 
as was indicated by the throwing down of a heavy bronze bell, 
about 2.G feet in diameter and 3.0 feet in height, hung in the 
front verandah. Fig. 3 shows the lower portion of the l>ell and 
the scar made on the corner post by the impact of the latter ; 
while Fig. 2 gives a front view of the temple, which is in the 
same condition as l>efore the great earthquake of 1847. Both of 
these pictures have been taken in 1908. 

A special feature of the Zenkoji earthquake was the occur- 
rence, among the mountains of tertiary formations, of landslips 
whose number was not less than 44,000. Amongst others, the 
southern side of Mount Iwakura, which is on the $iu-ga<ra, at a 
distance of al>out 12 km to the WSW of Nagano, was destroyed, 
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Tig. 1. Map showing the Areas of Destructive Motiou 
of tl»e Zenkoji and Haujo Earthquakes. 

A . 8mhJ» Enrthqnnke of 1K28. (Ann of destructive motiunV 
B . ... 1 •''I' »nd Siuli) I',urtli'|ii;iko of 1S33. 

C . . . . Zenkoji Eitrtl»nimk« of 1K47. (Tlw lightly xluided |mrt indicntm 
the wea of destmctive motion, and the <leunely nbudwl i«»rt the 
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Fig. The Zenkoji Temple, Front view. 




Fig. & The Zenkoji Temple, Knowing the sent (indented by n small cross x) mnde on the 
corner iwrt by the bell thrown down on the ixfnuiou of the ciuthqmike of 1R47. 
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resulting in two gigantic landslips which completely blocked 
the course of the above-named river for 20 days, and formed a 
lake 34 km in length and 1 to 4.3 km in width. The water 
finally broke the two enormous dams, and flooded over the regions 
along the Sai-gawa and Shinano-#«»v/, sweeping away a large 
number of the houses which escaped the destruction from tho 
shock. The loss of human lives was, however, small, as due 
preparations had previously been taken to moot the emergency. 

3. Sanjo (Echigo) earthquake. The Sanjo earthquake 
took place on Ik'c. 18, 1828, at about 8 am. The area of destruc- 
tive motion was an ellipse, 50x17 km, along the lower course of 
the Shinano-//a<crt ; the most central point of tho meizoseismal 
region being between the towns of Sanjo and Imamachi, at about 
c^37° 35' X, x = 138° 56' E. (Sec Fig. 1.) The total amount of the 
casualties was 1,143 killed and 1,740 wounded, while the numbers 
of the houses entirely and partially destroyed were 0,808 and 
7,270 respectively, beside the 1,204 burnt. Among the towns 
severely affected were Sanjo, Imamachi, Mitsuke, Yoita, Tsubame, 
and Xagaoka, the first four having been almost entirely destroyed 
by the shock and tho subsequent fires. 

4. Vxen and Sado earthquake. The earthquake of Dee. 
7, 1833 (4th year of Tenpo), at atwut 4 pm., was destructive in 
the island of Sado and along tho coast districts of the province 
of Uzen. The amount of the casualties was comparatively slight, 
the loss of lives l>eing about 38, in Uzen, due to the ixtinami, or 
tidal waves, which followed the earthquake. The centre of the 
latter was submarine, its approximate postion being f=38' 35' N, 
/^130 10' E. (See Fig. 1.) 

5. Relation of the Zenkojl earthquake to the two other*. 
The Sanjo earthquake took place 18 years 5 months earlier than 
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the Zenkoji earthquake, the meizoseismal zones of these two shocks 
running in nearly the same direction, namely, X40 C K-S40°\\\ 
Further, the northern prolongation of the line connecting the centres 
of the two disturbances passes approximately through that of 
the Sado-Uzen earthquake. It is extremely probable that these 
three large earthquakes tolonged to one and the same system, 
namely, the seismic zone formed by the Sliinaiuw/arra valley and 
its northern prolongation. Apparently the stress reached a maxi- 
mum limit along the whole extension of this zone, so that the 
Sanjo earthquake occurred first at the middle, followed 5 years 
later by the Sado-Uzen earthquake to the XEX, and again \'\ 
years 5 months later by the Zenkoji earthquake to the SNV ; 
the two successive distances of the centres of the three earth- 
quakes being each equal to alwut 1 15 km. 

6. Relation between the former destructive and the recent 
strong earthquakes in the Shinano-ffaira valley. As discussed 
in the Bulletin, Vol. I, Xo. 3, there were five strong semi-destruc- 
tive earthquakes, which occurred along the Shinano-<;<wa, respec- 
tively in the years 1880, 1887, 1890, 1897, and 1899. The line 
connecting their centres has been taken as defining a seismic 
zone, which extends from the Koshi county in Echigo in the SW 
direction to the vicinity of Nagano, thence turning towards the 
south to the vicinity of the lake of Suwa. The approximate 
positions of the centres of these five earthquakes are indicated 
by the numerals 1, 2, 3, 4, and in Fig. T. From the latter, 
it will be observed that the zone of the recent strong shocks is 
in reality identical with that of the historical destructive earth- 
quakes. Further, the recent disturbances, Xos. 1 to "•, originated 
.along the zone in question at those points, which are outside the 
area of destructive motion of the San jo earthquake and the meizo- 
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seismal region of the Zcnkoji earthquake. This fact is fully in 
accordance with the principle tliat great seismic shocks never 
occur at one and the same centre. 

7. Jyestructive carthquaka along the Japan Sea coast* 
The following is the list of the larger destructive earthquakes,* 
which happened within the last 2\ centuries, on or off the Japan 
Sea coast and along the Shinano-</fl/m zone : — 

1. Noshiro Eqke (province of Ugo) ; .Time 19, 1094, at 7 A.M. 

2. Iuaba, Hoki, and Mtmaaaka Eqke ; March 19, 1711. 

3. Sado and Noto Eqke ; Aug. 1, 1729. Accompanied by tunnami. 

4. Takata Eqke (province of Eckigo) ; May 21, 1751, at 2 A.M. 

5. nirosaki Eqke ( „ „ Mutsu) ; March 8, 176(5, at 0 P.M. 

6. Kaga Eqke ; June 29, 1799. Accompanied by twniami. 

7. Ogi Eqke (Island of Sado) ; Pec. 9, 1802, at 2 P.M. 

8. Kisagata Eqke (provinces of Uzen and Ugo) ; July 13, 1804, at 
10 P.M. 

9. Sanjo Eqko (Eckigo); Dec. 18, 182S, at 8 A.M. 

10. Sado and Uzen Eqke ; I>ec. 7, 1833, at 4 P.M. Accompanied by 
tsinvxmi. 

11. Zenkoji Eqke (Sliinano and Echigo) ; May 8, 1847, at 9 P.M. 

12. llamada Eqke (Iwami) ; March 14, 1872, in the evening. 

13. Noto Eqkes; Dec. 9 and 11, 1892. 

14. Sakata Eqke (Uzen and Ugo) ; Oct. 22, 1894, at 5 P.M. 

Of the above 14 earthquakes, Xos. 1, 1, 5, 8, 1), 10, 11, 12, 
and 11 were much larger than the remaining live. Again, the live 
earthquakes of Xos. 1, ~>, 9, 11, and 14 originated inland, while 
the 7 others, namely, Nos. 3, 4, C>, 7, 10, 12, and 13, originated 
under the Japan Sea. The origins of the two remaining earth- 
quakes, Nos. 2 and 8, were probably also submarine. The relative 

• nokkaulo ami Kortnoat . xi<>i>te«l. 
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positions of the origins of the different earthquakes are diagra- 
matically illustrated in Fig. 4, (PI. XXXI.) 

The 14 earthquakes tabulated above may be divided, so far as 
their time distribution is concerned, into the following groups : — 

Group I. 







vw 


Interval 


XT 1 

No. 1. 




1 fft 1 




No. 2. 


Inalvi, Jfoki, and Mimaaakn Eqke. 


. 1711 


18 


No. 3. 


Noto nud Sado E<]ko 


. . 17251 


...22 


No. 4. 




1751 


... 15 


No. 5. 










Group II. 






No. 6. 




1709 


3 


No. 7. 


Ogi 


1802 


1 2 


No. 8. 




1804 




Group III. 






No. 9. 




1828 


5 


No. 10. 






14 

.... AT 


No. 11. 




1847 






Group IV. 






No. 12. 




1872 





Group V. 

No. 13. Noto Kqke 1802. 2 

No. 14. Sakatii „ 1894'"" 

The five earthquakes in Group I occurred with a tolerable 
regularity, the average interval being 18 years. On the other 
hand, the three earthquakes in Group IT as well as the three in 



Digitized by Google 



On the Destructive Earthquakes in the Shinano-gvrtea Valley, etc. 



14H 



(•roup HI occurred at short intervals ranging from 2 to 14 years; 
while the interval between the 1st earthquake of Group II and 
the last of Group I was 33 years, and that between the 1st earth- 
quake of Group III and the last of Group II was 24 years. Again, 
the time interval between the earthquake of Group IV and the 
last one of Group III was 25 years. These facts seem to favour 
the supposition that the three earthquakes of Sanjo, Sado-Uzcn, and 
Zenkoji really belonged to one and the same seismic zone both 
geographically and in time distribution, as explained in § 5. All 
the other earthquakes, with the exception of the Sakata earth- 
quake, belonged to the Inner Seismic Zone, which runs nearly 
iwirallel to the concave side of the Japanese islands.* The Sakata 
earthquake probably belonged to another system.! 



• See the " Bulletin of the Imp. Earthquake Inv. Com.". Vol. I, No. 2. 
X The Sakata, Riku-V, and Hachinohe earthquakes have been ably studied by Profc«Kors 
K«*o. Yanusaki, and Imamuro, respectively. 
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Note on the Relation to the Epicentral Distance of 
the Duration of the Preliminary Tremor of 
the Earthquake Motion of near Origin. 

By 

F. OMORI, 8c. 1)., 

Member of the Imperial Earthquake Investigation Committee. 

With PL XXXII. 



In the Jour. Sc. Coll., Tokyo Imp. Univ., Vol. XI (1890), 1 
have given, for the relation between the duration of the 

preliminary tremor at an observing place and the epicentral 
distance (=.r) of the latter, the following equation : — 

km Met* lc hi 

x = 7.51 y + 24.9 (1) 

This equation was, in the Publications of the Earthquake Investiga- 
tion Committee, No. 13 (1903), slightly modified into the following 
form :■ — 

km Hec km 

* = 7.27// + 38 (2) 

Both of these equations, which have been deduced from the observa- 
tions of the earthquakes of .r less than 1,000 km and, with a few 
exceptions, greater than loO km, can not be applied to the eases 
of very near shocks, say, of x less than 100 km. With a view 
of obtaining a provisionally formula for the eases of smaller .r, I 
have examined some of the seismograms obtained at the live 
Formosan meteorological observatories of Taihoku, Taichu, Tainan, 
Taito, and Hokoto ; the results being briefly stated in the following 
paragraph. 
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The earthquakes taken into consideration were the four destruc- 
tive shocks in the years 1904 and 1J)0(>,* which 1 have specially 
studied and the positions of whose origins may be supposed to be 
fairly accurate. The observations were made with Omori hor- 
izontal pendulums of 0 to 10 times magnifications. The following 
table gives for each of the 4 shocks, the date and position of the 
origin of disturbance, and the epicentral distances and the dura- 
tions of the preliminary tremor at the different stations. 



FORMOSA EARTHQUAKES. 



Date of Eqke. 


Station. 


Duration of 
Prel. Tremor 

= y ntc. 


Actual Epicen- 
tral Distance 

= * km. 


Position of the 
Origin of 
Disturbance. 


April 24, 1904. 


Taihoku 
Taichu 
Taito 
Hokoto 


28.7 
11.4 
12.8 
12.7 


221 
98 
98 
90 


[?= 23° 20' N 

1 ;.=120°24'E 


November 6, 1904. 


Taihoku 

Taichu 

Tainan 

Taito 

Hokoto 


28.8 
11.2 

8.3 
15.5 

9.0 


202 
76 
64 

117 

85 


\<p= 23°30'N 
| ;=120°26'E 


March 17, 1906. 


Taihoku 
Taichu 
Tainan 
Hokoto 


27.5 
9.0 
8.7 

11.5 


188 
65 
75 

101 


\if= 23°35'N 
U=120°32'K 


April 14, 1906. 


Taihoku 
Taichu 
Tainan 
Hokoto 


30.6 
12.0 
8.6 
13.0 


210 

88 
53 
98 


\<p= 23°25'N 
U = 120°30'E 



« See Uie •' Uulletin of lh« Imperial Earthquake Inv. Com.," Vol. I. >'o. % 
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Arranging the epicontral distances, which varied between 53 and 
221 km, and dividing those conveniently into 4 groups, we obtain : — 



x (actual) 



V 



■x calculated 
by equation (3) 



221 km 
210 
202 
188 



Mean . . . 



117 
101 

98 
98 
98 

Mean 102 



90 
88 
85 
76 
75 

Mean 83. 

05 
04 
53 

Mean..,:. 61- 



• 7 HOC* 

30.6 
28.8 
27.5 



15.5 
11.5 
13.0 
11.4 
12.8 
12.8 



12.7 
12.0 

9.0 
11.2 

8.7 
10.7 



9.0 
8.3 
8.G 
8.6 



.200 



.90 



.81 



.07 



The relation between the mean values of the epicontral distance 
and the duration of the preliminary tremor given in the preceding 
table is graphically shown in the accompanying figure (PI. XXX11). 
Assuming a linear equation between x and y and determining 
the constants from the four sets of the mean values of x and »/, 
we obtain : — 

x* m = 0.80 + 8.1 kn ' (3) 
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The figures given in the last column of the preceding table, which 
have been calculated by this equation, agree closely with the 
actual distances. 

Equation (3), which may be used under the conditions 

50 km < x < about 200 km, 

seems to bo more convenient for the cases of near earthquakes 
tlian Equation (1) or Equation (2) ; the distances calculated by 
the two last equations being, for a small value of y, generally 
larger than the corresponding actual r. 
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F. OMORI, Sc. I)., 
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With PU. XXXIII and XXXIV. 



CONTENTS. 

5 1. Intnxluctinn. 

§ 2. Karthquoke frequency in 191) I. 

$ 3. Knrthquake frequency in 1904 1907. 

1. Introduction. The meteorological obsei-vatory of Taihoku 
was first opened on Aug. 11, 189G, and the six other observatories 
of Taichu, Tainan, Taito, Koshun, llokoto and Keelung, were 
established in the course of the next live years, namely, between 
1807 and 1901. The yearly numbers of sensible earthquakes 
recorded at these seven stations, which are now furnished with 
soismological instruments, were as follows : — 



TABLE I. YEARLY NUMBERS OF SENSIBLE EARTHQUAKES 
RECORDED AT THE DIFFERENT METEOROLOGICAL 
OBSERVATORIES IN FORMOSA. 



\ x Station. 
Year. 


Tailioku. 


Tuichn. 


Tninnn. 


Taito. 


KoHlmn. 


llokoto. 


KeelnnK. 


1«90 
1897 
1898 
1899 
1900 


7 
17 
9 

5 


3 
5 
10 
3 


9 
4 
4 
4 




3 

r. 

1 


1 

2 
2 
2 





Digitized by Google 



bjirtlujnnkc DbitiibutiuUH in Formouk. 149 
TABLE I. COWJ 



Station. 

Venr. 


Tnihokn. 


Tnichu. 

__ 


Tninnn. 


T«iti>. 


K<*lmn. 


Hokuto. 


Keelnng. 


1901 






x 


2 




2 




1902 


,:, 




12 


12 




5 


li 


won 


7 


11 


19 


117* 




f» 


7 


1904 




10 








r» 


r» 


11*05 


12 


21 


K 


32 


; 


4 


:> 


190C 


" 


40- 


42* 


21* 


a* 


19* 


i 


1907 


11 


10 


U 


« 




10 


« 


Mean. 




10/2 




8.8 


1-2.0 


3.9 


4.0 


5.5 



The large yearly number for Taito in 1903 was duo to the 
after-shocks of the strong earthquake of Sep. 7 of the same year. 
Similarly, the high seismic frequency in 100G for the different 
stations, except Taihoku and Keelung, were due to the after- 
shocks of the destructive earthquakes of March 17th and April 
11th in that year. These numbers, each marked in the alxne 
table by an asterisk, have been excluded in deducing the average 
values, which may be regarded as approximately giving the fre- 
quencies of the sensible seismic disturbances in the ordinary 
year for the seven meteorological observatories in question. It 
will be noticed that this frequency was about 10, namely, 8.8 to 
l k 2.0 for Taichu, Taito, Taihoku, and Tainan, but smaller and 
equal to about 4 for Koshun and Ilokoto, and 5.5 for Kcelung. 

The earthquake numbers, as above described, give, however, 
no adequate idea of the earthquake distribution for the whole of 
the Island. Tn fact the greatest seismic activity is displayed in 
regions at some distances from the different meteorological observa- 
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tories, namely :— (1), in the vicinity of the city of Kagi, which 
is situated in the south-western part of Formosa and midway 
between Taichu and Tainan; and, (2), at the central and northern 
parts of the eastern coast and at the very southern extremity of 
the Island, (treat credit is due to Mr. II. Kondo, Director-general 
of the Formosa meteorological observatories, who instituted in 
11)07 a general system of the observation of the precipitation by 
establishing in different parts of the Island nearly 80 stations 
furnished with rain-gauges, Each of these stations sends in 
regularly to the Meteorological Observatory of Taihoku the monthly 
weather report, giving amongst others the notices of the earth- 
quakes felt. The following table, compiled from these materials, 
indicates the numbers of the sensible shocks in different parts of 
Formosa during the four years from 1004 to 1907. 

TABLE II. — YEARLY NUMBERS OF EARTHQUAKES FELT AT THE 
DIFFERENT METEOROLOGICAL OBSERVATORIES AND 
RAIN-GAUGE STATIONS IN FORMOSA 
1904-1907. 





Station. 


Yew. 


I'JOl 


1905 


1U06 


1907 


Stmt. 






m 


lVusolu 


5 


1« 


« 


10 


:U 


* 




m 


(limn. 


111 


13 


'23 


41 


79 


ft 




ft 


Bitukukn 


2 


•2 


2 


:i 


7 


it 


* 


£> 


:i!.Shftry<ito (Killing) 


5 


5 


4 


« 


20 






R 


Ko-lung 


1 


1 


2 


3 


5 






ft 


Kinpori 


0 


7 


4 


2 


'J 




* 


ft 


Fnkiknkn 


1 


1 


•2 


1 


3 




i 


m 


Diimlnngiii 


1 


1 


1 


0 


2 


'Ac 






Kashoryo 












H 




K 


Sekitoi 


s 


; 




0 


21 
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Station. 


Year. 


1904 


1905 


1906 


1907 


Sun. 








ITyorinbi 


1 


0 


5 


3 


1 








Sekitei 


1 


1 


2 


4 


«; 


H 






Kusnyakti 


0 


0 


5 


0 


5 




n 


* 


Clamaibo 


a 


4 


14 


7 


•20 


* 




ft 


*Taihoku 




I'i 


10 


11 


15 




**. 




Smbunto 


0 


I) 


3 


1 


1 








Tnrumi 


2 


1 


2 


4 


7 




St 




IViraken 


0 


(I 


4 


3 


3 






m 


Smkaktiyo 


1 




; 


3 


5 


i'i 




m 


Haknnhakn 


s> 


4 


5 


5 


18 




m 


a 


Tnikoko 


1 


0 


•2 


0 


1 


l£ 




MI 


Kaiiwtiho 


i 


4 


5 


3 


i> 






If 


Niiiwuu 


11 


8 


'J 




1!) 


m 




* 


•Tnkirin 


7 


8 


24 


19 


34 








Shinchiku 




0 


1 


'2 


4 


m 






Xannlio 


I) 


0 


3 


1 


1 








Byoritnn 


1 


3 


6 


0 


7 






ft 


Taitai 


1 


•2 


14 


•2 


5 


•* 




m 


Hokirnn 


1 


C 


12 


2 


;» 


it 


•n. 




Korisho 


•2 


0 


15 


1 


3 


a 






•Tnichii 


10 


'21 


40 


10 


87 


* 






Suitciryo 


3 


5 


C 


0 


8 


* 




« 


Ilokkokei 


1 


•> 


4 


3 


4 


if 


m 


it 


Honshu 


4 


7 


14 


4 


15 








Xnnto 


i> 


12 


It 


4 


•25 
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TABLE II. (Conl.) 





Stntion. 


Yenr. 


1904 


1905 


1906 


1907 








HI 


Ho*an 


7 


3 


a 


4 


14 


n 




*J 


Tnkno 


a 


0 


7 


0 


a 






111 


Sekiznn 


a 


0 


5 


0 


a 


* 




HI 


Toko 


3 


0 


7 


1 


4 




ff 


ffl 


Nntehito 


0 


1 


0 


a 


3 






Ul 


n«. 


0 


0 


0 


i 


1 


ffl 




# 


»Ko»bun 


4 


3 


11 


6 


26 






A 


Onmnbi 


30 


17 


ia 


11 


58 








Kjmbo 


a 


4 


2 


o 


6 


«: 


n 


rt 


Kotnnnhn 












e 


m 


ft 


H/uoci 


0 


0 


a 










* 


•Tnito 


* 


32 


ai 


r. 


79 




at 


i* 


Seiko-o 


10 


6 


a 


H 


27 


41 




M 


BokiuekikAku 


3 


19 


0 


i 


23 




ff 


IE 


RiumhiHhn 






21 


r> 








«* 


Oocenjo 




0 




» 


16 


s 


31 




fit 


HI 


Kmvnko 


10 


50 




22 


wa 


m 


an 


A 


♦Hokoto 


c. 


4 


19 


10 


37 


a 


St 


a 


(;yooto. 


a 


0 


17 


0 


2 



2. Earthquake frequency in 1904. The seismic frequency 
during the year 1904 at the different places in Formosa is shown 
in Fig. 1 (1*1. XXXIII). From the latter there are seen to be 
four principal regions of seismic activity, as follows :— 

(a) A nearly north-aouth zone, extending in the south-western part 
from tho vicinity of Shato and Toroku to that of TCanshoryo. 
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(b) Vicinity of Giran, near the northern eud of tin; enstern toast 
(r) The eastern coast, between Knrenko and Seiko-o. 
(d) A limited portion about Cape Garanbi at the southern extremity 
of the Island. 

Although Fig. 1 is a map showing the seismic frequency and 
therefore does not necessarily indicates the distribution of the 
origins of disturbances, the zone (a) seems on the whole to coin- 
cide with the main longitudinal earthquake zone in the south- 
western part of Formosa.* The northern prolongation of (a) passes 
approximately through the local centres at the vicinity of Jukirin 
and Taihoku and that of Hakushako at the north-western end of 
the Island, (?>), and (d) belong probably to a continuous zone, 
their higher seismic frequencies being due to the disturbances 
which occur along or off the eastern coast. 

3. Earthquake frequency in 1904-1907* To obtain a 
general idea of the seismic distribution in Formosa for the interval, 
1904 to 1907, I give in the last column of Table II the snm of 
the earthquakes recorded during the three years 1904, 1905, and 
1907 ; the frequency for the year 190(5 having been excluded on 
account of the great number of the after- shocks of the destructive 
disturbance, which took place on March 17th of that year. As 
is illustrated in Fig. 2 (PI. XXXIV), the principal centres of the 
seismic activity, in which more than 50 shocks were felt during 
the 3 years in question, were as follows : — 

(A) Kagi and the vicinity. 

(B) The vicinity of Giran. 

(C) „ „ Karenko. 



• Set- F. Omuri: " rrelimiimr} Report on the Forr>i.*n Fjirtbqunke of Mnnh 17. lDOO." 
Tli«> IMHm, Vol. I. No. 2. 
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(D) The viciuity of Basshisho. 

(E) Cape Garanbi. 

In broad features, Fig. 1 is similar to Fig. 2, and the local 
centres denoted by («), (b), (<*), and (d) in the preceding § are 
respectively identical with (A), (B), (D) and (£), here described. 
(B) t (C), (D), and (K) may be regarded as forming a seismic zone 
which is situated on tho eastern side of the axis, or main moun- 
tain chain, of Formosa, passing along tho longitudinal valley 
separating the latter from the Taito coast range.* (A) forms the 
most active scat of seismic disturbances of inland origin. 



• See nlno tin; iitxt Attirlo. 
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On the Bokusekikaku and Basshisho (Formosa) 
Earthquake of January 11, 1908. 

By 

F. OMORI, Sc. D., 

Member of the Imperial Earthquake Investigation Committee. 

With Pla. XXXV and XXXVI. 



CONTENTS. 

§ 1. Introduction. 
§ 2. Time of Occurrence. 
% 3. Area of Disturbance. 
§ 4. Earthquake damage. 

§ 5. Approximate position of the earthquake origin. 

$ 6. Relation of the earthquake of Jan. 11, 1909, to that of March 17, i'JOG. 
§ 7. Mutual Relation of the different Htrong earthquake* along the eastern 

const of the Island. 
§8. Aftcr-ahocks. 

1. Introduction.* The disastrous earthquakes in Formosa 
generally occurred in the densely populated south-western part 
of the Island, where the ground is flat.'"* The different places on 
the eastern coast arc also by no means free from the visitation 
of strong shocks, although the amount of the seismic damage was 
there always insignificant. The latter circumstance is probably due 
to tho mountainous nature of these districts and the scarcity of 
inhabitants, the seismic disturbances occurring, in many cases, 
under the ocean. The following three earthquakes were the 
strongest felt in the recent years along the Pacific side; of Formosa. 

• The time* arc all given in tbe 1st Normal Japau Time, or that of longitude 135 J E of 
Greenwich. 

** See my paper on the Formosa earthquake of March IX UK*',. The Bulletin, Vol. I, No. 2. 
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(a) Giran Eqhi of June 7, 1901 ; at 9h 05 m ant. The shock 
which was quite local, was felt strongly and caused some slight 
damage at the town of Giran and the vicinity : — 

Giran. 5 or <> houses liud mud walls cracked, and a few roof tiles 
thrown down. 

Shokei. One house had the roof damaged. In ono case, a mud wall 

was thrown out of the vortical 
Hachirisha. 0 houses slightly damaged. 
Suihenkyaku. 50 native houses damaged. 
Taikakan. One nativo house destroyed. 

This earthquake, which was not felt at Taito and Koshun, was 
slight at Tainan and Hokoto, moderate at Taihoku, and strong 
at Taichu. 

(6) Taito Eqke of Sept. 7, 1903; at 4h 14m pm. The 
disturbance was felt strongly at Taito, where 92 after-shocks were 
recorded in the course of the following 30 days. No damago 
was done, the origin being sub- oceanic. 

(c) Karenko Eqkes of Aug. 26 and 28, 1905. The earth- 
quake of Aug. 26, which occurred at about 4h 52m pm., was 
felt slightly at Taihoku and Taichu, but insensible at Tainan, 
Taito, Hokoto, and Keelung. It was, however, strong at Karenko 
and was followed by several minor shocks. The earthquake of 
Aug. 28, at about lh 23m pm., was much severer, causing at 
Karenko partial destruction of one ware-house and (5 native houses, 
besides some damago to two houses in Japanese style. This 
shock was also very local, tho area of severe motion being limited 
only to the immediate vicinity of the above mentioned town. At 
the Gozenjo, about 10 km to tho south-west of the latter, the 
motion was strongly felt but caused no damage. At Basshisho, 
about 12 km further on in the same direction, the intensity was 
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slight. The motion was sensible and slight at Taihoku, Taichu, 
and Taito, but was insensible at Tainan, Hokoto, and Kcching. 

The earthquake of Jan. 11 of this year, which originated near 
the towns of Bokusekikaku and Basshisho in tho Taito prefecture, 
was the strongest felt in the Island since the destructive shocks 
of Kagi in March and April, 1906. 

Earthquake of Ja;:. u, i<]oS. 



2. Time of occurrence. The observations at the different 
meteorological observatories in Formosa were as follows : — 



Station. 


Geographical Position. 


Intcrmity of 
motion. 


Uunition of 
Preliminary 
Tremor. 


Time of 


Latitude (N). 


Longitude (E). 


Occurrence. 




•25° 02' 


121 s 31' 


od cm t c. 


1H.H (?) 


h m « 
0 35 14 V m. 


Taiclm. 


24 09 


120 42 


Do. 




0 32 57 (?) 


Tainan. 


22 51) 


1211 12 


Strong. 


lft.l) 


0 36 14 


Taito. 


22 45 


121 00 


IX,. 


13.0 


0 36 m 


Kcxhun. 


•22 01 


120 44 


Meliorate. 


25.0 


0 38 30 (?) 


Hokoto. 


23 32 


Hi) 33 


f Moderate 
| (rather weak). 


23.2 


0 36 OH 


Knelling. 


25 UD 


121 45 


Do. 




0 36 M) 


Kurenko. 


24 00 


121 33 


Strong. 


0 36 00 



The observations at the 5 stations of Taichu, Tainan, Taito, 
Koshun, and Hokoto, were each made with an Omori horizontal 
pendulum of 0 times magnification ; Tainan being also famished 
with an ordinary Gray-Milnc-Ewing type macro-seismograph. At 
Taihoku the pointer of the horizontal pendulum, of 10 times 
magnification, got out of the smoked paper soon after the com- 
mencement of the shock, and tho duration of the preliminary 
tremor at this place estimated from the macro- seismograph record, 
namely, 18.8 sec, seems to be too short. Karenko had no seismolo- 
gical instrument, while Keelung had simply a macro-seismograph. 
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The times of the earthquake occurrence at the different stations 
are only approximate, except that at Taihoku ; the probable time 
of occurrence at the origin itself being about Oh 35m 00s pm. 

3. Area of disturbance. The earthquake was sensible all 
over Formosa and in Hokoto (Pescadores). The shock was 
also felt slightly at Ishigaki-jima (Lyukyn) at an epicentral 
distance of about 302 km, so that the radius of the area of 
sensible motion was probably a little over 300 km. As shown 
in Fig. 2, (PI. XXXV), the land area of moderate and strong 
motion was, for Formosan shocks, unusually large and had a 
length and breadth of 210 and 100 km respectively; the longer 
axis being in the direction of NEN and SWS and coinciding with 
the Taito longitudinal valley. Within this area, whose western 
boundary was formed by the line joining the cities of Toroku 
and Tainan, pendulum clocks were generally stopped. According 
to Mr. H. Kondo, who happened to be at Karenko at the time of 
the earthquake, the motion there was strong and lasted 25 
seconds, causing the houses to be shaken considerably, although 
no damage was produced. At Karenko there were some after- 
shocks and jinari. 

The area of severe motion, within which seismic damage 
was done, included the villages of Bokusekikaku, Snibi, and 
Bas8hisho, forming probably an ellipse of length and breadth re- 
spectively of about 75 and 50 km. According to the reports from 
the different rain-gauge stations, the shock was preceded or ac- 
companied by sounds, in the western half of the Island, at the 
four places of Suiteiryo, Nanto, Doko, and Seimoju, where the 
intensity of motion was moderate or slight. 

4. Eartliqxuxke damage. The villages of Bokusekikaku 
and Basshisho are situated among the districts inhabited by the 
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aboriginal tribes, whoso dwellings are of the simplest construction 
with thatch roofing, and do not show signs of seismic damage ; 
there being only a very few houses of " dokaku," or mud con- 
struction, prevalent among the native (old Chinese) population of 
Western Formosa. To these circumstances was partly due the 
small amount of the seismic damage to the buildings. There 
were at Bokusekikaku and Suibi three old houses totally over- 
thrown, besides a number of the cases of partial destruction. 
Still there is no doubt that tho intensity of motion in the 
cpicentral area was much smaller than that on the occasion of 
the Kagi earthquake of March 17, 1900. At Suibi, the "byo" 
(native temple), the only dokaku building in the village constructed 
some 5 years ago, had its back wall entirely thrown down, 
while the damage to the front side facing S80 r E was limited to 
cracks of the walls and the falling down of some roof tiles. 
(Soo Fig. 3, PI. XXXVI). The walls of the sub-prefectural office 
at Bokusekikaku were much cracked, but the plasters did not 
fall down. The dokaku house of the chief official of tho village 
of Chuka, constructed in the preceding year, was only cracked at 
the junctions of the walls. The newly built snb-prcfoetural office 
of Seiko-o was practically undamaged, except some slight separa- 
tion of the timbers and walls. 

Some landslips were caused by the shock in the vicinity of 
Basshisho, Suibi, Bokusekikaku, and Sangenya ; part of the water 
of tho river Shukoran-kei having been temporarily stopped by the 
falling of a soft rocky cliff. At a place about 2} km distant 
from Basshisho and among the valleys of the central mountain 
range the stream waters were from a similar cause stopped for 
a few days. Again, at Bokusekikaku and Chuka the ground was 
cracked, in some cases to a width of 1 foot. 
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6. Approximate position of the earthquake origin. The 

opicontral distances of the four meteorological observatories of 
Taito, Koshun, Tainan, and Hokoto, calculated by Equation (3) 
•riven on page 140 of this Number, from the durations of the 
preliminary tremor, are as follows :— 



Station. 


Epicentrnl Distance = x. 

Calculated J»y Equation (3). p. 146. 


Tnito 


103"" 


Koshun 


186 


Tainnu 


138 


Hokoto 


167 



Drawing on the map of Formosa (Fig. 2), four circles about the 
different stations as centres and with radii respectively equal 
to the calculated epicentral distances given in the above table, 
we find that their points of intersection are near each other, en- 
closing a small quadrilateral in the vicinity of Rasshisho. Taking 
also the isoscismal lines into consideration, the approximate posi- 
tion of the epicentre, marked in the figure by a small cross ( x ), 
seems to be at about 

if = 2r 37' N\ 
X = 121' 15' E. 

The epicentre thus located is about ">2 and 06 km distant re- 
spectively from Karenko and Taito, being nearer the former by 
44 km. Now, by a curious coincidence, it happened that one 
Mr. Wakamatsu, in the service of the j)Ost office at Taito, 
hap|x>ned to telephone to Karenko just before the occurrence of 
the earthquake in question. He received for answer the informa- 
tion that a strong earthquake was taking place at Karenko and 
was requested to wait for a moment ; some noisy sounds being 
simultaneously perceived through the telephone. After a short 
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time interval, while he was wondering what was the matter, a 
strong shaking began to be felt also in Taito. This circumstance 
illustrates in a practical manner the fact of the transmission of 
the seismic waves. As the propagation velocity of the vibrations 
composing the principal portion of the earthquake motion is about 
3.3 km per sec, the time difference between the occurrence of 
the shock at Karenko and that at Taito would have lx>en about 
13 seconds, for the distance difference above assumed. 

6. Relation of the earthquake of Jan, 11, 1908 to that 
of March 17, 1906. The cause of the disastrous Kagi earth- 
quake of March 17, 190G, was the formation of the Baishiko 
and Chinsekiryo faults, in the main direction of west- slightly- 
south and east-slightly-north, over a distance of 13J km from 
Baishiko on the east to Dabyo on the west. It was further 
pointed out, firstly, that the fault was probably continued west- 
wards to the vicinity of the town of Shinko for a further distance 
of about 12 km, making up a length of 25£ km; and, secondly, 
that this latter length corresponded only to the western half of 
the line of dislocation and the eastward continuation passed among 
the mountains for a further distance of 20 or 25 km, the total 
extension of the fault being some 50 km.* 

From the map (Fig. 2). in which the western and the pro- 
bable eastern halves of the above mentioned fault arc indicated 
respectively by thick full and doted lines in red, the further 
eastward prolongation of the same line of disturbance seems to 
pass through the epicentre ( x ) of the Bokusekikaku and Basshisho 
earthquake of this year. My supposition is that the latter shock 
was a continuation of the Kagi catastrophe of 11)00, the forma- 
tion of the fault having been cxtendoil eastwards. 

• S«i. 'Ate IMMhK Vol. J, So. 1. 
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If the above supj>osition l>e correct, the process of dislocation 
must have proceeded downwards in the eastward extension, as 
the focal depth of the liokusekikaku and Basshisho earthquake 
was evidently great. The intensity uf motion in the assumed 
epieentral district was not greater than in the case of the very 
local Karenko shock of 11)05. 

7. Mutual relation of the different strong earthquakes 
along the eastern coast of the Island. The back bone of 
Formosa, whose geographical feature is rather simple, is formed 
by the heavy mountain chain, winch inns parallel to the longer 



B TRito-Knrcnko Longitudinal Valley. sOUthci'U CXtiemitV, and tak'CS the 
C Taito Count RwiKf. 

NEX direction, till the great 



A General court* of the 

Princiiml Mountain ltiiiigc. 



Fig. 1. Map of Formosa. 



axis, and is nearer to the eastern 
coast, of the Island. It begins 
in the Koshun peninsula at the 




height of over 3,000 metres is 
reached among the peaks in the 
vicinity of Mt. Sylvia. Thence 
the direction of the range is 
turned toward EXE and reaches 
the sea at the neighbourhood of 
So-o; forming the tremendous 
steep cliffs along the eastern coast 
between the latter place and 
Karenko. Mt. Niitaka (Mt. Mor- 
rison) is the highest peak, not 
only in Formosa, but in the 
whole of Japan and attains the 
altitude of over 4,000 metres. 
The eastern sido of the main 
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mountain range, which is much steeper than the western side, 
descends abruptly into a straight longitudinal valley which extends 
between Karenko and Tnito. To the east of this valley there is 
along the coast a small mountain range of about 1,000 metres 
height, called the Taito Coast Range. It seems probable that the 
Karenko-Taito longitudinal valley, whose northern and southern 
continuations may be supposed to run off' the coast, is as explained 
below closely connected with the seismic phenomena in the whole 
eastern part of the Island. (See Fig. 1.) 

Again from the maps (Pis. XXXIII and XXXIV) showing the 
earthquake distribution in Formosa, it seems that the more fre- 
quently disturbed regions uliout (iiran, Karenko, Basshisho and 
Bokusekikaku, Taito, and (Jaranbi (southern extremity of the 
Island), belong to a continuous earthquake zone, which runs along 
the eastern coast of the Island, or rather along the eastern side 
of the main mountatin range. In the northern part, between 
Giran and Karenko, this zone is probably some little distance off 
the coast, while its middle part, between Karenko and Tainan, is 
probably situated inland and coincides with the Karenko-Taito 
longitudinal valley. The southern part of the zone, between Taito 
and Garanbi, is again a litlo distance off the coast. 

Now the Bokusekikaku- Basshisho earthquake of Jan. 11, 1008, 
may be taken also to belong, together with the three previous 
strong shocks mentioned in § 1, {a), ((>) and (r), to the longitu- 
dinal seismic zone along the eastern coast of Formosa as above 
supposed. In other words, the stress was gradually increasing 
along the zone in question and produced strong disturbances at 
the diflbrcnt places, in the following order :— (1), Vicinity of Giran 
in the north ; (2), off the coast of Taito in the south ; (3), Vicinity 
of Karenko, between (1) and (2), but nearer to the former; (4), 
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vicinity of ISokusckikaku and Basshisho, between (3) and (2). 
(See Pis. XXXlll and XXXIV.) For other cases of the successive 
occurrence of strong or destructive shocks along an earthquake 
zone the reader is referred to the " Bulletin" Vol. I, Nos. 1 and 3. 

8. Aftershock-it. At Bsisshisho the number of the after- 
shocks felt till 10 am. on the following day was 20 or 30, and 
there were several jinari, or earth sounds which seemed to proceed 
from some distance. At Uokusckikaku there were also a number 
of after- shocks. The following is a list of the shocks and sounds 
subsequent to the initial disturbance, observed by Mr. H. Kondo 
during his travel in the Taito prefecture :— 

(January 1908) 
11th. Kara ii ko. Slight shock at 0.88 and 0.50 pm. 
12th. „ „ „ 0.34 pra. 

13th. Gozodjo. „ „ 7.30 and 8.42 pm. 

14th. In the vicinity of Gozenjo. Jinari at 11.25 am. 

„ Bataian. Jiimri at 7.10 pra. 

n »» »» »» 0.09 am. 

15th. Basshisho. Sound and slight shock at 0.54 pm. 

,, Suihi. Sound and slight shock at 8.02 pin. 

., „ Slight shock at 8.19 pm. 

Kith. Sangeuyu. Moderato earthquake at 0.07 pm., followed by others. 
17th. „ Moderate shock at 2 am. After the 17th, the shocks 

became rarer. 

In conclusion 1 must express my thanks to Mr. II. Kondo, 
who have kindly put at my disposal the materials and the results 
of his observations respecting the earthquake. 
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1. Introduction, As stated below, the submarine earth- 
quakes of May 13, 1008 seem to have originated at a point 
between Cape Omaezaki (province of Totonii) and the Hachijo-jimn. 
The latter is one of the islands belonging to the Fuji volcanic 
chain, and is at a distance of about 290 km due south of Tokyo. 
Let us first examine the relation between the activity of this 
chain and that of the 44 external seismic zone," which runs pa- 
rallel to the Japan arc on the Pacific side. 

2. Activity in recent years of the External Seismic Zone. 
The majority of the recent larger Japan earthquakes originated 
from the northern part of the 41 external seismic zone," namely, 
off' the eastern coasts of the Main Island and the Hokkaido, ex- 
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tending in the south to the mouth of the Tokyo Bay. (Sec the 
Bulletin, Vol. I, No. 2.) Their frequency varied of course from 
year to year, as will be seen from the following table, which 
gives the annual numbers of the submarine earthquakes, whose 
land area of sensible motion was over 7,000 square W,* and which 
originated from the region under consideration. 



TABLE I. —YEARLY NUMBER OF THE EARTHQUAKES 
WHICH ORIGINATED OFF THE NORTH-EASTERN COAST OF JAPAN. 

IjijkI arcii of Sensible motion > 7.0IK) wj. ri. 



Yenr. 


Number of the Earthquakes. 


1901 


5 


1902 


12 


1903 


5 


1901 


3 


1905 


2 


1900 


2 


1907 


4 



From the above table, it will be seen that the larger earth- 
quakes of the submarine origin occurred 12 times in 1902, but 
were much rarer and had the average annual frequency of 2.8 
in the years after 1904. This decrease of the seismic frequency 
for the zone in question is also clearly shown by Table II, which 
gives for the interval of 1892 to 1907 the yearly number of those 
earthquakes, each of which was felt strongly, moderately, or 
slightly, along the north-eastern coasts of Japan over a land area 
greater than 4,000 sq. ri. 

• I ri = 2.4 rail.-H or 3.927 km. 
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TABLE II. —YEARLY" NUMBER OP THE EARTHQUAKES. 

WHICH ORIGINATED OFF THE NORTH-EASTERN COASTS OF JAPAN, 

An«l which wore each felt atronyly, motleraMy, or KivjhUy over 
ii lnml turn grenter thnn 4,(100 «q. ri. 



Year. 


Numtar of tho Earthquakes. 


1892 


0 




189:} 


1 I 






5 




1895 


1 


► JUetm ... 3.6 


1890 


3 




1897 


8 , 




1898 


1 } 




1899 


2 




1900 


5 


• J/rtJM .... 3.6 


1901 


4 




1902 


6 




1903 


0 




1904 


2 




1905 




► Mean 1,8 


1900 


2 


1907 


2 





According to the above table, the larger and stronger earth- 
quakes occurred 8 and f> times respectively in the years 1897 
and 1902; the average annual frequencies during the two succes- 
sive five year intervals of 1893-1807 and of 1898-1902 being 
each equal to 3.(5. During the last ~> years, 1903-1907, the 
seismic activity was much smaller, the average frequency being 
1.8. Thus it will he seen that the large submarine earthquakes 
whose origins were near Pacific coasts of the northern Japan 
decidedly decreased in number since 1903. It is probable that 
this decrease will continue for several years to come, and that 
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tho centre of seismic activity on the outer 9ide of Japan will be 
in future transferred along the " convex seismic zone " southwards 
to tho sub-oceanic region off the coasts of Tokaido and Nankaido, 
liotween the peninsula of Izu and the Island of Kyushu. In the 
mean while, the activity along the Fuji volcanic zone seems to 
have been increasing during tho recent years. 

2. Becent activity of the Fuji volcanic zone. The series 
of the islands (see the map, Fig. 1) belonging to the Fuji volcanic 
chain has, within the last a few vears, been unusually active in 
the manifestation of the subterranean energy and given rise to 
the three following eruptions : — 

(1) The explosion of the Tori-shima in August, probably 
between the night of 7th and that of Oth, 1002. The total 
population of the island, about 125 in number, was entirely 
wiped away without leaving oven a trace. 

(2) The submarine eruption near the Minami Iwo-jima 
(South Sulphur Island), on about Dec. 5, 1004, resulting in the 
formation of a new temporal island about 145 metres in height 
and 5 km in circumference. 

(3) The submarine eruption in the vicinity of the Bayonnaise 
Rock (to the south-east of the Aoga-shima), in April, probably 
between the 7th and 13th, 1000. The outbursts continued for 
about one week, a great quantity of pumice having been found 
floating on the sea surface. 

As regards the seismic activity, there were, since 1800, fifteen 
larger or stronger earthquakes which originated along the Fuji 
zone islands; the date, time of occurrence, approximate position 
of the origin, and area of disturbance* for each of these shocks, 

• The firen of dirtnrbanoo m«nifle* hero the nrea within which tht> nwrtion wiw f«lt or 
nfmW by the ordinary Orny Milno-Ewing typR f*>ismogmiih«. 
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numbered 1 to 10, being given in Table III. The earthquakes 
numlwred 2', 3', 1', ;"/, (}', 7'. !)', 10', IT, 13', 14' and 1."/, given 
for the sake of comparison, are those which do not belong to 
the zone in question, but which occurred within a short time 
interval before or after the shocks 2, 3, 4, .">, etc., respectively. 

tabu: ni.— list of the larger earthquakes which originated 

ALONG THE FUJI VOLCANIC ZONE. 1890-1908. 

EqlcGB Nob. 2', 3'. 4'. 5', <V, 7', !>', 10\ 11', ! »'. II'. aud 15' ate Uio larger dwturlmnocs 







which u 


receded or follow-d the shock* 


i nnder oonsi 


1. 'nit ion. 


No. 


Pate. 


Approximate Position of 
K»nVe Origia. 


Tims of 
Occurrence 
at Origin. 


Area of Disturbance. 
1 1»nger axis x shorter axis.) 


1 


April 


16, 1890. 


1 Vicinity of Miyake and 
( Mlkura Islands 


h m 

9 30 pan. 


, Land area of sensible; 
\ motion = 4740 sq ,i) 


2 


Feb. 


12, 1896. 


In the sea of Ixu. 


6 38 am 


rl. rt 

150x120 


2' 


I" 


14. 


Tokyo Bay. 


1 58 nm. 


llOx GO 


« 


.i 


N\V. paH of Musashi. 


2 04 am. 


llOx G5 


3 


May 


7. ., 


Do. 


2 37 pm. 


150x140 


a' 


•• 




Vicinity of Kyoto. 


fl :JH am. 


120 x 00 


4 


Jan. 


18, 1897 


In the sea of Ixu. 


9 27 pm. 


120 x 90 


4' 


•> 


17. ,. 


Suzuka (Shinano). 


5 30 am. 


i:i0xiio 


5 


March 27, 1898 


In tiie Bea of Izn. 


3 24 am. 


170 x 110 


5' 


» 


■I ». 


Off the S. coast of Sngnmi. 


11 25 pm. 


120x101) 


6 


Jan. 


31, 1900. 


In the sea of Ixu. 


2 37 am. 


180x120 


C 


F«K 


1. 


Off the E. const of Mntsn. 


4 22 am. 


250 x 150 


7 


Nov. 


5. 1900 


f9 = 33 43'N; A=13906'E 
( Near the Islands of Miya- 
' ke, Mikura and Kozu. 


4 41 pm. 


200 x 140 


r 


« 


0. .. 


jOff tlie SK. const of \wa- 
( Kazusii Peninsula. 


0 14 pm. 


120 x SO 


8 




9, ,, 


/Some dlstanoe to the 
1 South of No. 7. 


2 54 am. 


180x140 
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TABLE III. (font.) 



No. 


Date, 


Approximate lueiuun or 
Eqke Origin. 


TiniG of 
Occurrence 
at Origin. 


Arun ox .isuuuTDanoe. 
(Longer axis x shorter alia.) 


9 


Nov. 


19. 


1900. 


in tne sea oi i*u. 


h m 
1U pm. 


A3U X 


V 


•» 


M 




>. port of iumnto. 


4 w tun. 


i*»o „ *7n 


10 


Feb. 


20, 


1902 


Vicinity of HacMjo-jima. 


10 50 am. 


190x150 


10' 




21. 




Off the E <i»wt of Mubm. 


0 35 am. 


260x170 


11 


June 


3, 


1903. 


Vicinity of Haohijo-jima 


0 28 pm. 


180x100 


11' 


>« 


2, 


■1 


Off the E. cimst of MnUm. 


7 5'J pm. 


150 x 'JO 


12 


Nov. 


13. 


1904. 


j Vicinity of Ogasawaia- 


9 49 am. 


/ Land area of sensible v 
\ motion = 390 nq. ri- ) 


13 


June 


7. 


1905 


Vicinity of OBhbna. 


2 40 pm. 


220 x 120 




( " 


2. 




In the Inland Sea. 


I 40 pm. 


450 x 200 


13' 


i - 


1. 

6. 


► » 




3 08 am. 

8 32 pm. 


90 x 50 
80 x 10 


14 


May 


*. 


1907. 


I Vicinity of Ogasawara- 
I jima. 


5 37 pm. 


600 x 400 


ir 




•>• 


•• 


Off tL u E. nw i of Hitachi. 


2 Hi am. 


'2-20x180 


15 


jMay 


13. 


1908. 


( Between Hachijo- jima 
( and Omae-zaki. 


5 23 am. 


400 x 250 


it 


(* 


ft 


Do. 


5 37 am. 


400 x 200 


15' 


1" 

•• 


11. 

15. 


n 
f 


Central part of Hitachi. 
S. part of Kikuzrn. 


10 57 am. 
10 40 am. 


40 x 30 
100 x 50 



Of the 15 earthquake*, Nos. 1 to 15, the strongest were the 
three Nos. 1, 7, and 13, eaeli of which was scmi-destruetive at 
some of the islands within the meissoseismal area, and caused some 
damage such as cracks of the ground, landslips of cliffs, etc. No. 1 
was felt severely in the islands of Miyakc and Mikura, and No. 7 in 
these two as well as in the island of Kozu. Eqkc No. 14 origi- 
nated near the island of Oshima. The positions of the origin of dis- 
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turbance of the 4 shocks Nos. 7, 11, 13 and 15 arc indicated in 
Fig. 2. Of the remaining earthquakes, Nos. 1 0 and 1 1 originated 
in the vicinity of the ITachijo-jima, while Nos. 12 and 14 origi- 
nated in the vicinity of the Ogasawara-jima. 

The following tablo gives some of the results of the seismo- 
graphical observations at Tokyo, Osaka, and Mizusawa. relating to 
the earthquakes Nos. 6-14. (Eqkcs No. 15 are considered later on.) 

TABLE IV.-EQKES NOS. 6 14. OBSERVED AT TOKYO, OSAKA 

AND MIZUSAWA 

Time of Orcurrcm-c - I. 

Total Dunitiou of tuu Preliminary Trutinir^i/. 
Duration of the l*t preliminary Trumur = j/, . 

2ru\ ,. „ -tl.. 







Toky 


». 






MiziiHuwa. 


No. 


Date. 


























f 


'J 


t 




1 


f> 


Jan. 31, WOO 


ll 111 «c 

2 37 31 am. 


33> = }!| 
IVi = 1" 








7 

K 

9 
10 


Nov. 5, ,. 
». 9, .i 
<i l'J, •• 

Feb. "20, 11)02 


4 41 42 piu. 

2 55 03 am. 
10 5H 39 pm. 
10 40 25 am. 


ly,=io 

•l!::8 

30.1 


1. in » 

10 50 10 am. 


'»!!::!! 


ll 1T1 « 

10 50 22 am. 


11 


June 3, 1903 


0 27 48 pro. 


•25.1 


0 2« 20 pm. 


(53 


0 28 55 pm. 


12 


Nov. 13. 1904 


0 48 50 am. 


18.5 


9 47 29 urn. 






13 


Juno 7, 1905 


2 39 30 pm. 


17. 


2 to 18 pni. 


no 


2 40 33 pm. 


11 


May 4. 1907 


5 38 24 pm. 


iK!. 


5 JH 53 pm. 




5 38 54 pm. 



Calculating, for each of Eqkcs Nos. 11 and 13, the epicentral 
distances 0) by the formula .*■""• = G.8G y"" + 8.1 l " n V ii we Jind :— 

Eqke No. 11 .... Tokyo 180"" ; Osaka 440 kn ' 

Eqke No. 13 ... Tokyo 12"> ; Osaka 351 



» Tliih NumKer, p. 111.. 
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As shown in the map (Fig. 2), the origin of Eqke No. 13, deter- 
mined by the intersection of the two circles drawn about Tokyo 
and Osaka respectively with radii proportional to the distances 
here obtained, is found to be quite close to the island of Oshima, 
which volcano (v'=34 43' X, A=139 24' E) was probably the 
real centre of the disturbance. The origin of Eqke Xo. 11 is 
similarly found to be about 70 km to the south-west of the island 
of Hachijo. The Tokyo cpicentral distance of Eqke Xo. 7 was. 
according to the calculation, 193 km and its origin was probably 
near to Miyake-jima, approximately at f=34 3' X, /— 139 22' E. 
These three earthquakes, together with the shock of May 13th of 
this year, thus seem to have originated all along the chain of the 
Izu volcanic islands ; the others having their centres in the same 
neighbourhood or southwards in the vicinity of Ogasawara-jima 
(Bonin Islands), 

4- Relation between the earthquakes of the Fttjt volcanic 
zone and those originating off the north-eastern coasts of 
Japan. According to Table III, the majority of the larger earth- 
quakes, which belonged to the Fuji volcanic chain, and whose 
area of disturbance had, in each case, a longer diameter greater 
than 100 ri ( = 400 km), were accompanied within a day or so by 
similar ones originating elsewhere in Japan or off its north-eastern 
coasts. Before conceiving any relation between these different 
groups of earthquakes, however, it is necessary to examine the 
average frequency of larger earthquakes in the whole of Japan. 
This is indicated in the accompanying bible, for those years in 
which the shocks Xos. 2, 3, 11, 13, 14 and 15 took place. 
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TABLE V -YEARLY NUMBER OF LARGER EARTHQUAKES 

WHOLE JAPAN. 



Year. 


Number of Eqkes, wUukc Innil 
iirwi of tlusturlmuc-v wis greater 
than 1,000 wj. ri. 


Number of K<|kcj>, wliufie longer 
bum of llw urtai of diKturlNiDra 
wiui gmtlfr than 100 ri 
( = WO km). 


18% 


38 


■Mi 


1897 


:$<; 


31 


1898 


02 


51 


1900 




72 


1902 




75 


1903 




59 


1904 




50 


1905 




H4 


1907 




71 



The uiinuul earthquake' number in Japan during the interval 
under consideration varied between 31 and 81, giving the average 
value of 51), which is equivalent to one larger shock occurring 
every 0.2 days. This is 7 times longer than the average interval 
of 21.6 hours (Table VI) between the different earthquakes of 
the Fuji volcanic zone and the shocks which accompanied them. 
Hence it is probable that the earthquakes Xos. 2', 3', 4', .... , 

which either preceded or followed the Eqkes Nos. 2, 3, 4 

were really related to these latter. 

The eleven earthquakes, 2', 3', 4' may be divided into two 

groups, (i) and (ii), according as they preceded or followed those 
of the Fuji volcanic zone, as shown in the following table. 
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TABLE VI -RELATION OP THE EARTHQUAKES OP THE FUJI 
VOLCANIC ZONE TO THOSE OF THE OTHER ORIGINS. 



E<|k«\ 
Nik. 


Origin of the E»|ke l.y which that of 
the Fuji Volcanic Zone van 


Time interval hy which Eqke of the 
Fuji Volcunic Zone was 


preceded., (i) 


followed . .(ii) 


preceded by (i) 


followed l»y (ii) 


2'-2 

3- 3' 

4- 4' 
5'-5 
G'-fi 
7'-7 
9 

10'-10 
ll'-lO 
13-13' 
14'-M 

15--15 




Tokyo Bay. 


Amy hour 


ilnr hour 

1 19 


Virinity of Kyoto. 

r Virinity of Suzjiku 
1 (Khiuatio) 


It ti 
1 1« 






lOff the S. coast 
(of Sngnmi. 
(Off the E. onxt 
(of Mntmi. 

[Off the SK. MMHt of 
jlhe Aws K»iu«* 
(P^niiixnU. 


(I 2il 
1 2 
1 l 










X. part of Yamnto. 


0 1H 




(Off the E. cwwdof 
1 Mntun. 

do. 


0 14 
0 10 






Inland S»-a 


0 IS 


lOff the count of 
1 Hitachi. 

Hitachi. 


0 9 

1 5 










31 ran 


0 21 


0 23 





It will be seen from the above table that there is apparently 
a certain regularity in the order of occurrence of larger earth- 
quakes along the different seismic zones. All the earthquakes 
of Group (ii) originated off the north-eastern coasts (including 
Tokyo Hay) of Japan, while those of Group (i) originated in the 
central part of the Main Island or in the Inland Sea. Whether 
these interesting relations are also fulfilled in the future remains 
to be seen. It is true that the number of the shocks of Group 
(i) is too few and only four. But the uniformity of the Pacific 
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origin of all the 12 shocks of Group (ii) is striking. Confining 
our attention to the latter group alone, we may, as a provisional 1 }* 
conclusion, suppose that, when the seismic stress along the Japan 
arc readies a maximum limit, and an earthquake first occurs 
along the Fuji volcanic zone, an equal or greater disturbance is 
likely to originate after about one day off the eastern coast 
of the Main Island or Hokkaido. That is to say, the Fuji zone, 
or the series of the islands belonging to it, forms a very sensitive 
seismic belt, and gives rise to the earthquake or volcanic erup- 
tion, which serves as a fore-runner to another in the northern part 
of the principal or external seismic zone. 

5. Volcanic eruptions. Of the three volcanic eruptions 
mentioned in § 3, the first and the third, which occurred not 
very far from Izu islands group, respectively at Tori-shima and 
near the Bayonnaise Rock, were each accompanied by a marked 
seismic activity. Thus, the eruption of Tori-shima took place 
between the night of 7th and that of Oth, in August 1902, 
the larger Japan earthquakes during this epoch being as 
follows : — 



Hate. 
(Aug., 1902) 


Approximate 

Time of 
Occurrence 
at Origin. 


Origin of Earthquake. 


linger aud 
Shorter axes 

of Area of 
Disturbance. 


7 


h m 

0 36 pm. 


Bay of Tokyo. 


100 x 70 




0 22 pro. 


Off tlio coast of Mutsn. 


250 < 150 


s 


fi 37 am. 


Saliara (Sliimosa). 


200x120 



It may be added that there was no largo earthquake in any part 
of Japan during the 11 days preceding the 7th of August, and 
also during the 11 days succeeding the 8th of August. 
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The submarine; eruption near the Mayonnaise Hook probably 
occurred between 7th and 13th of April, 1000, (i.e. simultaneously 
with the groat outbursts of the Vesuvius), there having been the 
following six earthquakes during the 7 days from 1th to 11th 
(Formosa excepted) : — 



Bate. 
(April, 190/;) 


Approximate 

Time of 
Occurrence 
at Origin. 


Origin of Earthquake. 


l onger and 
Shorter axes 

of Area of 
Disturbance. 


4 


h m 

10 04 am. 


Off the coast of Rikuzen. 


ri. rl 

130 x 70 


r> 


11 ;">0 am. 


Twaki. 


240 x 180 


i; 

8 
9 


7 29 pm. 
2 52 pm. 
2 38 am. 


Off the E. coast of Nemuro. 
(Off the E. coast of Awa- 
1 Kazusa Peninsula. 

Off the coast of Iwnki. 


:i:.ox ? 

]l>0x 70 
230 x 1(10 


11 


7 OH pm. 


NW. part of Mi no. 


140 x 90 



In this ease again there was no large earthquake in Japan 
(Formosa excepts!) during the 11 days preceding the 4th of 
April, and during the 9 days succeeding the 11th of April. 

6. Note on volcanic earthquake*. The earthquakes 
originating along the Fuji volcanic chain are probably of the 
volcanic origin, that is to say, they are the effects due to the 
activity of the volcanic energy, resulting in the sudden formation 
or extension of a subterranean cavity and other disturbances. 
Earthquakes of this nature need not necessarily be small, and 
are sometimes quite different in magnitude from those, which 
accompany actual volcanic eruptions or explosions and which are 
of purely surface origins. As instances of strong volcanic earth- 
quakes of moderate extension, I may mention the shocks on 
April 21st and 22ml, 1702, which preceded the final catastrophe 
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of the XJn&en-dake (in the province of Hizen, Kyushu),* which 
caused in the town of Shimabara gome damage to buildings and 
cracks of the ground about 1 inch in width. The earthquake of 
April 2, 1808, in the island of Hawaii, which attended the erup- 
tion of Mauna Ixm in that year, is another example. It caused 
some damage to buildings in the vicinity of the mountain, in 
addition to a landslip which produced a remarkable mud stream. 
The shock at Pompeii, which had caused a considerable amount of 
damage to the buildings in that city lfi years prior to its final 
destruction by the eruption of the Vesuvius, was also evidently 
of the same category. 

The proper volcanic earthquakes are thus sometimes strong, 
semi-destructive, or even locally destructive, but seem as a rule 
not to attain the magnitude of a large destructive shock. 

Earthquake of May 1008. 

7. Different shocks on May 13, 1908. As is usually the 
case with stronger earthquakes of the Fuji volcanic zone, the 
principal shock of May 13th, 1908, at about 5h 23m am., was 
accompanied by many minor ones, the earliest of which occurred 
at 4h 44m am. on the same day. The following table is a list 
of 13 of the shocks of this group, which were sensible or were 
recorded by the ordinary Grey-Milne- E wing type seismographs on 
the Main Island, during the course of the next 24 hours ; the 
numerals within the brackets in the first column corresponding 
to those of the fore-shocks (Table on page 1)9) and after-shocks 
(Table X) observed at Hachijo-jima. 



• Sac my "Note on the Eruption* of the rnsen-uW in the ith ye«r of Karwei (179'2)." 
The Ji-llrtin. Vol. I, No. 3. 
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TABLE VII. — LIST OF THE EARTHQUAKES ON MAY 13th AND 14th, 1908, 
WHICH WERE SENSIBLE, OR WERE RECORDED BY THE ORDINARY 
GRAY-MILNE-EWINQ TYPE SEISMOGRAPHB. 



No. 


Appnnrimnte 
time of 
Occurrence 
nt Origin. 


Time of 
in Tokyo. • 


Stnm-J. 


\t,*Urat*. 




Slight 
(insensible) •» 




[May 13th | 










» ID 


li ru 

* #4 SIU. 


ii in » 






• - 


Nnmazn Malau- 


<2) 


5 Off] am. 


5 07 06 itm. 









1 llnonil/Liifiiit 
J 1 in I1IJ< ► J 1 II 1 J 1 , 

J Nnmazu, Kofu. 
Xmnagae. 








i Harliijo- 
1 jima, 
\Naga- 
tKun>. 
^ Nnmazn. 


| Yokohnma. 
1 lirta, Mem, 
! IlnmaniatMi 


I Tokyo, Yokoimka, 


Fnkiwhima. Mito, 


' («) 


5 23 am. 


5 2.122 am. 


■ Matsnmoto, 

1 Takaynrun, 

I Kyoto. 


g IIIJMJU*!, VWftJtH, 

1 Nagoya. Oifu, 


ji'ivomiKa, riikiii, 
Yogi, Waknyama, 
lOKusnima, Uka- 
^yama. 


d 


5 :w un. 







Matsnmoto. 


YokoHUka. 


Nnmazn. 


r- <7» 


j 37 Mm. 


5 37 22 am 


j Kui'hijo- 
j jima. 
] Naga- 


f Nnmazu. 
IThu. 


j Tokyo. Mm, 
| Kofu, Nagoya. 


| Puknsbiina, Mito. 
I Yokusuka. Oifn, 
] Hikone, Kyoto, 
iOsaka. 


/(!') 


5 51 mu. 








Kofn. 


| Yokohama, 






5 57 17 am. 








1 Yokoauka, 
1 Nnmazu. 


!/ (5') 


fi 34 am. 










Kofn. 


h <«') 


7 03} am. 


7 04 05 am. 






Kofn. 


Nnmazu. 


I (10') 


7 28 «m. 










Kofu. 


J> 


H 17 am. 










Kofu. 


k 


M 23 am. 










Kofn 


t 


9 54 am. 








Kofn. 


Nnmazn. 




[May 14th] 










m 


1 33 um. 




i 







J Hnchijo-jimii 
1 Yokohama, Kofn. 


f Matsnmoto. 
(Nnmazu. Hikone. 



' The times of occurrence in Tokyo have been taken from the Beismograms furnished 
by the horizontal peudnlum tromometer of 120 times magnification. 

A nWt>,t (bvrm.«i«*) shaking means an earthquake which is insensible, but iB recorded 
by an onlinary Gmy-Milne-Ewing type Kcii>mugropb. 
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The shock at 5h 23m am. was felt xln»i<jlij at Hachijo-jima 
and within an area of 110 sq. /•/' on the Main Island, which 
covered the major part of Jy.u and a tuition of Totomi, causing 
stoppage of j>endulum eloeks, overflow of liquids, etc. The urea 
of moderate motion, about 1,780 sq. /•/, extended over the provinces 
of Mikawa, Totomi, Suruga, Kai, Saganii, Awa, and Kazusa ; the 
total land area within which the motion was sensible or was re- 
corded by the (iray-Milno-Ewing type seismographs being 8,G4o 
sq. ri. At the Hachijo-jima itself, the second shock, which 
followed 14 minutes later, was felt much more strongly than the 
lirst. Again, of the 13 earthquakes tabulated above, only 8 
were sensible on the Main Island. The earthquake at 5h 37m am., 
which was, according to the soismographic records at the different 
stations, of a magnitude practically equal to that of the principal 
shock, had a much smaller land urea of disturbance than the 
latter. This was probably due to the removal of the origin of 
the second earthquake further southwards. The areas of dis- 
turbance of these two earthquakes are indicated in I'l. XXXIX. 

8. Preliminary tremor and epicentre. Table VII gives 
the times of occurrence and the durations of the preliminary 
tremor of the two principal earthquakes, deduced from the records 
furnished by the Omori horizontal pendulum seismographs at 
Tokyo, Osaka, Mito, Mt. Tsukuba, Nagano, and Hachijo-jima, 
whose multiplication ratios varied from 10 to 300 times. The 
determination of the moment of commencement of the second 
shock was rendered uncertain by the superposition of the vibra- 
tions forming the end portion of the lirst. 
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TABLE VIII.— TIME OP OCCURRENCE AND DURATION OF PRELIMINARY 
TREMOR OF THE TWO PRINCIPAL EARTHQUAKES. OBSERVED 
WITH OMORI HORIZONTAL PENDULUMS. 





Time of 




Duration of 


Instrument. 


Station. 


Occurrence. : 
(urn.) 


Component. 


Preliminary 
Tremor. 


l'rojxir 

X UUOU. 


Multiplication. 






1st ±>artuqu 


ake. 










/ NS 


• in: 

32.9 


.50.0 


In 
10 




i 


>• 


31.5 


48.5 


20 


Tokvo. 


ii in « 

5 23 22 


E\V 


27.4 


4.7 


300 






» 




20.5 


120 






>» 


24.8(?) 


01.5 


15 






/ NS 


46.7 


30.0 


20 


Osaka. 


5 23 35 


I EW 
j NS 


•14.8 
42.9 


25.0 
4.0 


20 
90 






' KW 




4.0 


90 


Mt. Tsukuba. 


5 an 41 


KW 


40.3 


4.0 


90 


Mito. 


5 22 l.s 


KW 


45.0 


2S.8 


20 


Nagano. 


■ — 


KW 


39.7 


13.0 


20 


Mi/usavva. 


.*» 21 '20 










Hacliijo-jiinu. 


r, 10 


KW 


15.2 


4.5 


150 


Tokvo. 


5 :57 00 


2nd Earthqi 

f NS 

i ., 


lake. 

1 

30.5(?) 
32.3(?) 


2S.0 
18.5 


10 

20 






NS 


4«;.i 


30.0 


20 


Osaka. 


37 00 


KW 
NS 


45.7 
48.0 


25.0 
4.0 


20 
90 






KW 


48.5 


4.0 


90 


Mito. 




KW 


17.0 


28.8 


20 


Nagano. 




KW 


34.0(0 


13.0 


20 
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Tlic duration of the preliminary tremor at Tokyo seems to 
Ixj somewhat shorter in the E\V component than in the XS. As 
a provisional}- measure I have adopted the value for the latter 
component, which corresponded nearly to the longitudinal wave. 
The duration for Osaka does not much differ in the two com- 
jKments, which may therefore l>e taken together. Tabic IX gives 
the mean durations of the preliminary tremor at the different 
places obtained by averaging the results relating to the two 
earthquakes. 



TABLE IX.— MEAN DURATION OF THE PRELIMINARY 
TREMOR AT THE DIFFERENT PLACES. 



Station. 


Duration of Prelimiimry 
Tremor = // (lueun value). 


Kpicontral Distance — .r, 
calculated by Eq. (3), 
\r.\i*e> 11(5. 


Tokyo 


33.7 


km 

239 


Osaka 


1(5.4 


32<; 


Mt. Tsukuba 


40.3 


284 


Mito 


40.0 


323 


Nagano 


39.7 


280 


Hacbijo-jitna. 


15.2 


112 



The epicentral distances (.r) given in the 3rd column of the 
above table have been calculated from the duration (y) of the 
preliminary tremor by the equation .r km =6.8(> y w + 8.1 l " u . ,s ' Drawing 
on the map (Fig. 4) the circles about the <5 diflbrent places as 
centres, with the radii proportional to the .c thus obtained, the 
points of the mutual intersection are found to be quite close to 
one another*, except those relating to Nagano. The approximate 
l>osition of the epicentre marked on the map by a small cross 

* This Number, p. 14(5. 
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(x), is at about <p =33°63'N, J = 138^55' E, nearly midway between 
the island of Hachijo and Cape Omae-zaki of Totomi. (Hee Fig. 3.) 

9. Fove-shocks. The earthquake at 5h 23m am. was pre- 
ceded by 5 minor precursory disturbances. These furnish a very 
interesting example of the occurrence of the " fore-shocks " of 
earthquakes, and have been discussed in another article. (This 
Number, p. 99.) 

10. After-*hock*. Table X gives the time of occurrences 
the duration of the preliminary tremor, and the maximum range 
( = 2a) of motion in the KW direction for the 12 after- shocks, 
which immediately followed the two principal earthquakes, the 
ol>servation having l>een made at the meteorological observatory 
of Hachijo-jima with an Omori horizontal tremor-recorder of 150 
times magnification. 



TABLE X AFTER-SHOCKS OBSERVED AT HACHIJO-JIMA 



No. 

* 


Time of 
Occurrence at 
Hachijo-jima. 


Totil 
Duration. 


Duration of 
Preliminary 
Tremor. 


Max. 2". 


r 


r> r>r> m 02 nm. 


in 




10.5 


mm 

0.19 


2' 


5 57 13 


5 


15 


10. 1 


0.34 


:v 


0 13 u 


1 


30 


15.1 


0.037 


4' 


0 21) 40 










5' 


0 33 44 


0 


30 


14.0 


0.030 


o' 


0 30 55 


0 


50 




0.027 


7' 


0 55 14 


0 


50 


15.3 


0.037 


8' 


7 03 55 


2 


00 


10,3 


0.090 


0' 


7 23 00 


1 


11) 


15.!) 


0.030 


10' 


7 28 30 


0 


50 


10.4 


0.020 


11' 


7 49 00 


1 


40 


14.(5 


0.020 


12' 


8 00 40 


0 


30 




0.010 
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Except the first two, all those shocks were very small. The 
duration of the preliminary tremor for the different eases varied 
between 14.0 and 1G."» see., giving the average value of 1 .">.(> sec., 
whieh corresponds to an epieentral distance of about 107 km from 
Hachijo-jimn, probably to the N\V of the latter. The successive 
time intervals between the 12 after-shocks were as follows : — 

2« n . 



If, 01 (♦) 

7 32 

12 . r ,S (♦) 

3 11 

1H 19 (*) 

8 41 

io or, (♦) 

r, 30 

20 30 (*) 



11 to 

It will be observed that every alternate intervals, marked by 
asterisk*, varied from about 13 to about 10 minutes and were 
much longer than the intermediate ones. 

The two principle earthquakes on the 13th were followed, in 
accordance with the characteristic of the disturbances along the 
Fuji volcanic chain (§ 1), by the two following shocks which 
originated along the north eastern coast of the Main Island : — 

( May 14th: 10.;",7 am Origin, central part of Hitmhi. 

( „ l;">th : 10.40 am „ , S. part of Rikuzen. 

There was no shock of the land area of disturbance greater than 
1,000 sq. for the 8 days after the 2nd of the above* earthquakes, 
and for 0 days 11 hours preceding the 1st shock on the 13th. 
(See Table TIT.) 
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Fig. 1. Map of the Mauds of the Fnji Volcanic Chain. 
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The After-shocks of the Zenkoji (1847) and 
the Tenpo (1830) Earthquakes. 

By 

F. OMORI, Sr. IK, 

Mrmhfv of the Impcrirtl Enrtliqimke Invisti^fttinn Coininittrp. 

With Pl«. XL and XLI. 



CONTENTS. 

§ 1. TnlroTlni-tioti. 

§ 2. Af«flr-H!»Hjw of Zenkoji Eartluiimke. 

$ 3. Frequency of uftur-*hockH of Zenkoji Ijirtliquuke (v>mi*ire.1 

witli thnt of MinoOwiiri Knrtlujuak*. 
5 I. Aft«.r f <ho.l» of IVni*. Eitrtkqiv.ke of 1KJ0. 
§ 5. I'vmpariHon between the nftwr-HlKvk frain.>tiei«M of IVnpo an.l 

Mino-Owiiri EArili<[iwke*. 
§ (5. r.mcliwion. 

1. Introduction. The present note gives an account of the 
frequency of the after-shocks of the two great Japan earthquakes 
of Zenkoji ami Tenpo, based on the old records given in the 
Dai-Xippon Ji*hin Shiryo (•* Material for the Earthquake History 
of Japan," Xo. 40 of the Report [Japanese] of the Imperial Earth- 
quake Investigation Committee, 2 Vols.) 

2. After-shocks of the Zenkoji earthquake.* The daily 
number of the after-shocks of the great Zenkoji earthquake, of 
Miiy X, IS 17, recorded at Matsushiro by un ollicial in the service* 
of the feudal lord of that place are given in Tallies I and II, re- 
spectively for the first 31 days and for an interval of the 42 days 
between Nov. 21), IS 17 and Jan. 9, 1848. There were also many 
j'mai'i, their numbers not being included in tin; figures of Table I. 
The city of Matsushiro is about 10 km to the south of the middle 
point of the epifocal zone. 

* A slmrt :i« innnt <>f tW /.nkoji turtliijiuikf hn« 1«« n fjix n in j>.|>. lM-JM, »f thin Number. 
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TABLE I—DAILY 
EARTHQUAKE OF 



OF 
8. 1847. 



AFTER SHOCKS OF THE ZENKOJI 
8 -JUNE 7, 1847. MATSUSHIRO. 



Date. 


Number of 
Earthquakes. 


Datu. 


Number of 
Earthquakes. 


May 8 


M 


— . . 

May 24 


10 


9 


r,9 


25 


11 


10 


50 


» 
27 


25 
7 


11 


HO 


12 


82 


28 


10 


Vi 


Mil 


29 


12 


14 


52 


:m) 


17 


ir> 


:\9 


:-Jl 


3 


n; 


57 


Juuo 1 


13 


17 


•n 


2 


20 


IS 


29 


:t 


5 


19 


20 


4 


H 


'20 


37 


5 


14 


21 


10 


0 


13 


22 


:u 


7 


7 


23 


21 




930 



II.-DAILY NU1 
OF 



NOV. 29, 1847-JAN. 9, 1848 



Date. 



Earthquakes. 



1847 

Nov. 20 
30 

Dec. 1 
2 

3 
4 



Strong. 


Moderate. 


Small. 


2 


2 


- - 




1 








-; 




I 


it 




3 
2 


3 
2 




2 





JhutrL 



Total Numl^r. 



1 

1 

:•. 
9 
7 
4 
- 
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TABLE II. r r ""'J 



Earthquakes. 



1847 

Dec. <5 
7 
8 



Strong. 



I 

2 



Moderate. ; Small. 





- - 




10 






11 






i — 


: 












1 






i 

f ~~ 








17 




IK 




19 






20 






21 






«>.» 
'22 






2:5 






21 






25 






2»> 






27 






28 






29 






:m 






:$l 






1848 






Jan. 1 






2 






n 






4 




r> 


1 




<; 






< 






s 


:i 




9 


1 




Sum. 


12 





1 
1 
1 

•J 

] 

2 

1 
1 



1 
1 

2 



i; 
l 
l 
l 
l 
i 



1 

2 



1 
1 
I 
1 
1 
"» 



67 



:; 
1 



1 
1 



l 

2 



Jimiri. 



— 

"I I 

•A 



Totnl Number. 



1 

2 

3 
1 

2 



2 



2 



2 
3 
<i 
2 
2 
1 
2 
2 
f> 
1 



1 



11 
4 
1 
1 
1 
4 



1 

9 



16 



2 

:i 

10 

4 

2 

10 

1 

134 
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TABLE III. MONTHLY NUMBERS OF THE SENSIBLE EARTHQUAKES 
RECORDED AT THE METEOROLOGICAL OBSERVATORY OP NAGANO. 

1889-1907. 



\Month. 
Year. 


I 


11 


in 


IV 


v 


VI 


VII 


VIII 


IX X 

i 

i 
i 


X. 


MI 


Si in. 


vm 


0 


1 


l 


u 


1 


0 


0 


o 


ii 


l 


o 


ii 


1 


WOO 


1 


0 


0 


1 


1) 


1 


0 


i> 


0 


ii 


ti 


II 


\ 


1KU1 


l> 


0 


0 


0 


1 


0 


1 


0 




3 


I 


o 


7 


isva 


1 


1 


0 


0 


0 


1) 


0 


n 


II 




1 


.1 


fi 




1) 


1 


1 


0 


i) 


0 


0 


n 


11 


n 


a 


0 


I 


1>04 


0 


0 


0 


. 


0 


II 


0 


ii 


" 


1 


ii 


0 


1 


ihvs 


9 


0 


0 


1 


II 


II 


(1 


o 


II 


I) 


ii 


0 


:\ 


1K1MJ 


a 


a 


1 


1 


0 


1 


a 


a 


1 


0 


0 


II 


la 


I8V7 


t 


1 


0 


5 


r> 


a 


l 


i 


11 


II 


a 


1 


*» 


vm 


0 


o 


I 


u 


l 


l 


l 


i 


I) 


1(1 


a 


1 


ai 


1830 


1 


0 


1 


:t 


l 


<» 


i 


(i 


0 


II 


*2 


11 


12 


11HW 


1 


0 


:i 


l 


l 


i) 


l 


' 


0 


II 


tl 


II 


X 


lilOl 


1 


„ 


0 


it 


n 


l 




a 


I 


(I 


a 


:» 


i a 


ivoa 


a 


0 


0 


(i 


l 


1 




n 


0 




n 




» 


l'J(W 


l 


1 


1 


0 


0 


0 






II 


11 


0 


li 


7 


ISMH 


0 


(1 


' 


0 


i 


l 


ii 


0 


0 


1 


i 


:« 


v 


1VH5 


l 


1 


1 


1 


i 


2 




a 


0 


:l 


l 


ii 


IV 


lDOfi 


l 


a 


a 


I 


•> 


a 




i 


a 


1 


° 




aa 


1907 


0 


i 


i 


r» 


1 


• 


a 


a 


0 


a 


1 


* 


24 



Tlic numbers of the after- shocks of the Zcnkoji curthquake for 
the first G intervals of 5-days each commencing with May 9, the day 
after the great catastrophe, were, according to Tahlc 1, as follows:— 
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X 


o-<ljvy Iufcrvnl. 
(1847) 


Observed Xumlier 
of After-shocks 

= .'/ 


Calculated Number 
of After-shocks. 


0 


May »— May 13 


373 


438 


1 


„ 14— „ 18 


220 


177 


o 

md 


19- „ 23 


125 


111 


3 


„ 24- „ 2S 


» 


81 


4 


„ 29— Juno 2 


05 


03 


5 


Jnno 3— „ 7 


47 


52 



Denoting the 5-day interval und its corresponding after-shock 
frequency respectively by .r and //, and calculating the constants 
of my equation for the frequency of after-shocks, we obtain from 
the foregoing table the following formula : — 

29(5.4 n 

The values of ij calculated by this carnation for the different .t's, 
given in the last colutnun of the above table, may be regarded 
on the whole to be approximately equal to the actual after-shock 
frequencies. 

Calculating by means of Equation (1) the seismic frequency 
3(55 

for x = -^-=73, we find :—y=l. 0. Hence, tb/=21 gives the pro- 
bable number of the after-shocks during tho one month exactly 
'one year after the initial great earthquake, namely, during the 
30 days between April 27 and May 26, 184*. The actual number 
of the shock during this interval was 27. 

Again, calculating as a trial the seismic frequency for .r=50 
years, we find : — 



// =0.081 ; 



305 
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Thus, according to Equation (1), the annual frequency (of the 
after-shocks only) at Matsushiro 50 years after the Zenkoji earth- 
quake, should be approximately 0 ; indicating a |x»ssibility of the 
continuance of after-shocks of a violent and great catastrophe for 
over half a century. For the sake of reference, 1 give in Table 
111 the yearly numbers of the sensible earthquakes recorded at 
the meteorological observatory of Nagano (Zenkoji) during the 
10 years between 1880 and 1007. The mean of the two last 
named years is 1808, which is ">1 years after the date of the 
earthquake in question, and the average annual seismic frequency 
during the 10 years was 10.0, which is equivalent to the sum of 
the yearly number of the ordinary earthquakes and that of the 
after-shocks, if any. 

3. Frequency of after -shocks of the Zenkoji earthquake 
eomparetl with that of the Mino-Owari earthquake. The 
affcer-shocks of the Zenkoji earthquake were more numerous than 
those of the Ansei earthquake of Dec. 21, 18") 4, recorded in Tosa, 
and of the Nemuro-Kushiro (Hokkaido) earthquake of March 22, 
1894, recorded at Nemuro. 

The following table gives the daily number of the after-shocks 
of the Mino-Owari earthquake for the 30 days between Nov. 3 
and Dec. 2, 1801, recorded instrumenlally at the meteorological 
observatory of Gifu. (The after-shocks of the Mino-Owari earth- 
quake have been discussed in detail in the .lour. Sc. Coll., Tokyo. 
Imp. Univ., Vol. VII, and the Publications of the Earthquake- Inv. 
Comm., No. 7.) 
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(as = Time, in Dny. 
y = Duily Nutnl>r of After Knocks. 
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TABLE IV. -AFTER -SHOCKS OP THE MINO OWAHI EARTHQUAKE OF 
OCT. 28, 1891. OBSERVED AT THE METEOROLOGICAL 
OBSERVATORY OF OIFU. KOV. 3 -DEC. 2, 1891. 



Drtto 


J>.nly Nunilior 


Dnt" 


Daily Nmiilier 




of K<jki's. 


of Eqkos. 


Nov. 3 


81 


Nov 10 


17 


4 


78 


20 


33 


r. 


r,.\ 


21 


21 


o 


G7 


•>«> 


12 


7 


4f, 


2:5 


23 


8 


42 


24 


18 


9 


44 


25 


9 


10 


40 


20 


ir, 


11 


38 


27 


11 


12 


40 


28 


10 


13 


:r» 


29 


19 


14 


29 


:ui 


14 


IS 


29 


Pw. 1 


7 


10 


2S 


2 


10 


17 


21 






18 


18 




919 











The variation with time of t ho af tor- shock frequency at (iifu 
(luring the 30 days, beginning with the Oth day after the initial 
disturbance, is graphically shown in Fig. 2. It will be observed 
that the mean enrvo resembles in general that in Fig. 1, which 
indicates the similar relation for Matsushiro with respect to the 
Zonkoji earthquake, during the 30 days beginning with the 2nd 
day after the latter. Further the total numbers of the after-shocks 
of these two great earthquakes during the respective 30 days 
intervals were nearly alike, namely, 919 and about 900. 

The following is a comparison of the after-shock frequencies 
of the two earthquakes under cosideration during the 30 days, 
res|>ootive!y (i) 7 months and (ii) 1 year after their occurrence: — 
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Zeukoji E<|ke. 


Mino-Owari Eqke. 


30 days Interval. 


Number of 
After-shocks. 


30 days Interval. 


Nnml»er of 
After-shocks. 


(i) Dec. 1-30, 1847. 


(73 shocks. 
(12 sounds. 


,.,|Mav 2S-Juue 
■'VH'u 181)2. 


(23 shocks. 
|11 sounds. 


..J April 27-May 
iU) H<i, 1848. 


|27 shocks. 

I numerous sounds. 


r ..(Oct. 28-Nov. 
(1, 'l27, 1892. 


|46 shocks. 
1 8 sounds. 



Hereby it is to bo noticed that the record of tlie Mino-Owari after- 
shocks, which was made instrumentnlly at the meteorological 
observatory of Oifu, iticliules a number of insensible shakings and 
may be taken to be much more accurate than that of the old 
Zenkoji shocks, which was carried on without instrumental aid. 

From what has been said above it seems that tin* number 
of after-shocks of the Zenkoji earthquake of 1847 was not less 
than that of the Mino-Owari earthquake of 1801. 

4. After-shock* of the Tenpo earthquake of 1830. The 
earthquake of the 1st year of Tenpo (1830), on Aug. 10. which 
caused considerable damage in the city of Kyoto and the vicinity, 
was followed by numerous after-shocks whose dailv numbers at 
Kyoto are given in Table V ; their total number in the interval 
of 0 mouths up to Feb. 28, 1831, being (581. The numbers of 
the after-shocks during the successive intervals of 30 days, 
denoted by .r— 0, 1. 2, 3, 4, and resi>ectively, were as follows : — 



.7* 


30 davs Interval. 


Xumtier (if tin- iifU-r- 

shocktt neliifilly 
rveorrleil at Kyoto ,/. 


NumW of tin* nfter- 
nhockH ralailnte.1 
by KumUion (2). 


0 


Aug. 20. 1830 Sept. 18, 1830. 


302 


.hm; 


1 


Sept. 19, „ -Ott. 18, „ 


111 


134 


'> 


Oct. 10, „ -Nov. 17, ,. 


90 


HO 


3 


Nov. 18, „ Dec. 17, 


57 


03 


4 


l>eo. 18, „ -Jan. 1<», 1831. 


71 


50 


r> 


Jan. 17,'1831-lVb. 15, „ 


33 


41 
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The relation between the time x and the coriesponding 
seismic frequency //, illustrated graphically in Fig. 3, is found to 
!>e as follows :— 

2 37.9 

!, ~ .r-F 0.777 (2) 

The figures in the last column of the preceding table have been 
calculated by Equation (2). As a trial, putting .r—fid x 12 = 720 
(or approximately (»0 years), we find ;/=0.33. Hence, 12//= 4 is 
the approximate calculated value of the annual seismic froquency 
in Kyoto, about fiO years after the earthquake in question, 
provided its after-shocks l>c supposed to have been continued for 
so long a time interval. Now, the value of x considered above 
corresponds to the year 1890, and the average annual number of 
earthquakes recorded at the Kyoto meteorological observatory 
during the 11 years between 1885 and 1805, was, as shown in 
the following list, approximately 5, agreeing fairly well with the 
result deduced from Equation (2). 



YEARLY NUMBER OF EARTHQUAKES IN KYOTO. 1885 -1895 



Year. 


Number of 
Earthquakes. 


Year. 


Number of 
Earthquakes. 


1H85 


r> 


1891 


102 • 


188fi 


2 


1892 


25* 


1887 


<; 


1893 


5 


1888 


5 


1894 


6 


1889 


2 


1895 


14 


1890 


2 


Mmn. 


5 



* The nnmlieni for 1«U ami 1H»2 have been omitted in taking the mean, as the majority 
of the distnrtinnraft in these two yearn were the after-shock* of the Mino-Owari earthquake of 
Ort. 2H, 1*J1. 
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TABLE V.— DAILY NUMBERS OF THE AFTER-SHOCKS 
OF THE KYOTO EARTHQUAKE OF AUO. 19, 1830. 
KYOTO. AUO. 20, 1830- FEB. 28, 1831. 



Year. 


1830 


1831 


Month. 

l>»y. 


> III 


IX 


V 
A 


M 


VTf 

Ml 


I 


II 


*• 




n 


1 


9 




3 




Q 




1 1 


• 




•1 
«> 


0 

»' 


•1 


3 




12 


2 


4 


3 


4 


2 


A 




11 


1 


1 


1 


4 


1 


5 




i 


1 


\ 


2 


4 


■> 


0 




« 


■i 


•> 


1 
1 


<> 

it 


0 


7 








2 


1 

* 


1 

A 


1 

1 


8 






4 


1 


•> 


•> 


1 
* 


g 






<) 


2 


i 
•» 


2 


3 


11) 




•> 


:\ 


C, 




3 


t 


11 




5 


;j 


ti 


•> 


A 

-t 


0 


12 




« 


.4 


1 


•> 


2 


1 


11 

JO 






1 


A 


•> 


1 

1 


it 


14 




19 


•1 


\ 


1 


•> 

£* 


3 


is. 
u 




7 




\ 
*J 


1 




•» 
»» 


1ft 




3 


4 


I 


1 


4 


2 


17 




3 


1 


2 


2 


1 


3 


IK 




3 


3 


3 


2 


0 


2 


19 


(<5r«tf 
Eqke.) 


3 


3 


2 


4 


0 


3 


20 


20 


1 


2 


0 


2 


0 


a 


21 


20 


11 


1 


1 


2 


0 


2 


22 


2(1 


4 


3 


1 


3 


0 


3 


23 


20 


1 


4 


2 


9 


1 


0 


24 


12 


2 


2 


2 


2 


0 


0 


25 


13 


3 


3 


3 




0 


0 


20 


11 


9 


5 


3 


2 


1 


0 


27 


13 


0 


3 


2 


2 


0 


0 


28 


13 


0 


5 


2 


0 


0 


0 


23 


13 


1 


a 


a 


3 


2 




:«) 


13 


4 


1 


a 


2 


2 




31 


12 




1 




2 


2 
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5. Comparison between the after-shock frequencies of the 
Teajto and Mino-Owari earthquakes. The following table gives 
the number of after- shocks during the successive 30 days intervals 
for the Tenpo and Mino-Owari earthquakes, beginning respectively 
with the 2nd and the 42nd days after the initial disturbances. 



Tenpo Eqke of 1830 (Kyoto). 


Mino-Owari Eqke of 1891 (Gifu). 


30 days Interval. 


NunilM>r of 
After-sluK-kn. 


30 days Interval. 


Nnmber of 
After-shocks. 


t Commencing with the 2nd 
day utter the Kurthiiunke) 




(Commencing with the 4'2nd 
ilny after the Eurth(pinke) 




X_0 


302 


Dec. 8, 1801-Jan. 6, W* 


291 


1 


111 


Jun. 7. lftJ2-Feb. 5. .. 


110 


2 


90 


Feb. G, „ -March 6, „ 


72 


3 


57 


Mureh 7, .. -April 5, „ 


62 


4 


71 


April fi, „ -May 5. ., 


73 


5 




Mny r>, „ -June 4, ,. 


37 



The numbers of the Mino-Owari after-shocks, which are the num- 
bers of the earthquakes instrumental]}' observed at (iifu and do 
not include the eases of the j'nuu-'t, or mere sounds, will thus be 
seen to l>e very nearly equal, on the whole, to the corresponding 
figures for the Tenpo earthquake. That is to say, the monthly 
after-shock frequency during the earlier epoch of the latter earth- 
quake was practically identical with that of the former, with a 
time retardation of 40 days. (See Figs. 3 and 4.) 

6. Conclusion. The foregoing §§ seem to indicate that the 
after-shocks of great earthquakes are governed by time relations 
which are more or less alike in the different cases. The three dis- 
turbances of Zenkoji, Tenpo, and Mino-Owari, all originated along 
great earthquake /.ones, the similarity of the causes probably tend- 
ing also to the similarity of the phenomena of after-shocks. 
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Note on the Seismic Stability of the Piers of the 
Naisha-gawa Railway Bridge, Formosa. 

By 

F. OMORI, Sc.D., 

Member of the Imperial Earthquake Investigation Committee. 
With Fla. XUI & XLIII. 

In connection with the seismic ex] >cri incuts on the fracturing 
and overturning of columns, described in the " Publications of the 
Earthquake Investigation Committee," No. A, I have used for the 
fracturing the formula 



in which the different symbols have the following significations : 

a = Acceleration of the earthquake motion necessary for fraclitriug 
a given column, supposed to l» uniform in section or else to 
have a vertical axis or plane of symmetry. 

;/ = Acceleration due to the gravity = 9,800 mm/sec'. 

F — Tensile strength of the column at the section of fracture. 

.r„= llalf width of the section of fracture in direction parallel to 
the earthquake motion. 

/ — Height of the centre of gravity of the portion above tlio suction 
of fracture. 

It'— Weight of the fractured portion of the column. 

In the practical application of the above formula to the calculation 
of the strength of bridge piers, chimneys, walls, etc., there is 
always a great uncertainty respecting the value of the tensile 
strength F\ it being impossible that each of such masonry struc- 
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turcs should have a perfect homogeneity of strength of material. 
A column is therefore broken by the earthquake shock at the 
weakest place near the theoreticiil section of fracture. Again, a 
brick structure of large dimensions requires a certain length of 
time for the hardening of the mortar joints, such that the latter 
would be a good deal compressed before their conversion into 
perfectly solid elastic bodies. From this latter circumstance it 
seems that, at the mortar joints, where the brick work is almost 
invariably broken, tension will tend to set in immediately with 
the bending of the column. From these considerations, I have 
in my former papers simply taken the tensile strength of the 
brick work into consideration. For certain masonry structures, 
however, we may more logically take the quantity F in the above 
equation as denoting the tensile strength of the material increased 
by the weight per unit area of the section of fracture of the 
mass above the latter ; it being absolutely necessary for the 
practical applications of the results that the strength of the material 
should not be over-estimated. Let us now consider, as an example, 
the seismic stability of the tall piers of the Naisha-f/«tfa bridge 
in Formosa. 

The single track Naisha-</m<;« bridge on the Formosa main 
railway line, consists of nine 00' plate girders supi>orted by two 
abutments and eight piers of masonry (Fig. tt), with eml>edded 
iron frame. As the ground is of a soft rocky formation, there 
is no well sinking, the heights of the piers, including the thickness 
of the foundation, being as follows :— 



Northern, or Tuihoku-eud, Abutment. 



.'11' 0" 

.70 7 

.1V2 G< 

114 f> 



No. 1 Tier 
No. 2 „ 
No. :i „ 
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No. i n. 



in' r> 



114 3 



No. (> 



..no :i 



No. 7 



10"» ().;"» 



No. 8 



Southern, or Taiihu-«md, Abutment 



1<»"» 

i<; 9 



Thus the six piers Xos. 3 to 8 are each taller than 10."»', the 
construction in masonry of these high piers having been neces- 
sitated by the peculiar conditions of climate in Formosa, which 
cause iron stakes, bolts, etc. to rust quickly, and which render 
the maintenance in proper manner of high trestle works of iron 
extremely difficult. 

Weakest section. In considering the seismic stability of the 
high piers of the Xaisha bridge, we must first determine 
the approximate position of the weakest section, or the height 
where these structures are likely to be broken in case of a violent 
earthquake. If each of these piers be regarded as a 44 tall column," 
it would behave as a high brick chimney and be broken by the 
earthquake shock at about two-thirds of its height. If the column 
be, on the other hand, regarded as a 44 short column," then it 
would be weakest at, or near, the base. Thus it is fust necessary 
to determine the length of the vibration period, w hich is proper 
to each of the columns and on which depends the classitication 
of the latter with respect to the height of the section of fracture. 
The period, whose exact value can only be found from an actual 
measurement, may be estimated, so far as the order of magnitude 
is concerned, from a comparison with other bridge piers whoso 
vibrations have been investigated. Thus for instance, the tallest 
of the piers of the single track Kvau- ffunt bridge of Kwansai 
Railway, has a height of 00' and supports the ends of a 200 r 
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Pratt truss and a 100' Warren girder. This pier stands directly 
on native rocks, and therefore its motion may be regarded as that 
due to its whole height; the periods of the transverse and lon- 
gitudinal vibrations being respectively between 0.30 and 0.15 sec, 
and between 0.31 and 0.14 sec * As now the bed of the Formosa 
river in question is rooky in nature, and not muddy, the piers of 
the Naisha-</afra bridge are to l>o regarded as vibrating approxi- 
mately with their bases as centres ; the jjeriod being, when in- 
ferred from the ease of the K'v/Ai-gmra bridge, probably 0.."> see. 
or so., that is to say, much shorter than the period of the large 
destructive earthquake motion. From these considerations we may 
conclude that each of the high piers of the Naisha-#atra bridge 
would behave on the occasion of a destructive earthquake, not as 
a tall brick chimney, but is to be regarded as a 44 short column," 
and is weakest at the base. 

Stability of the piers. Lot us consider the stability against 
the earthquake motion of the two tallest piers, Xos. 3 and 4, of 
the Naisha-f/a/ra bridge. As shown in Fig. 4, each of these two 
piers, rectangular in section, is 114' 5" in height, and is 10' x<;' 
at the top, and 2>' ll' x-JO' 0" at the base or the ground level; 
there being at the foot on the up-stream side a buttress 10' 3£" 
in height. The foundation, constructed to suit the nature of the 
ground, is 14' 5" in thickness. Further, the metal frame embed- 
ded in each of the piers consists of 8 iron rods, 1£" in diameter, 
reaching from a few feet below the top down to the middle of 
the foundation, joined by horizontal iron bars forming a rectangle 
at every 10' distance of the vertical. 

Now a body of the dimensions like those of the pier under 
consideration can never be overturned as a whole, even when the 

* Si- the '• ruMiiatimis o£ the Earthquake Invcfctigiitjon Committee." No. 12. 
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structure simply rests on, and not fixed to, the ground.* Hence, 
the question of the seismic stability of the pier reduces itself to 
that of the fracture, which is, when the earthquake is sufficiently 
violent, most likely to take place at or near the base, as before 
oxplained. 

(i) Let us first calculate the strength of the pier at its base, 
or the section B, supposing the direction of the shock to be 
parallel to the length of the bridge. (See Figs. 1 and 4.) 



Fig. 1. 
((faction ») 



Fig. 2. 
(Serti.it! .1) 




20' S" 



\ teri 



S3' O' 



The values of the different factors in the fracture-formula for the 
section B are as follows**: — 

1 ~ Moment of the area of fracture about its middle a\in 
-351,3(50,000 (unit in inches). 
Weight of Pier above Foundation ( = 1524.8 tons) 
W= + Weight of Girder and Track system ( = 21.1 tons) 

= Total Sum = 1545.9 tons = 3,4(53,000 11m. 
/ = Height of Centre of Gravity of the whole structure above 

Foundation = 38' 9" = 4(!5". 
x = 120". 

For the tensile strength of the brick work, lot us adopt a value 



* The " Publication*" No. 12. 

•* The evaluation of the quantities I, W, ami/ for the two Hoctiorm A ami Jl have lieen 
mml<> l>y Mr. Inagiki of the lUilwny Ifeiwrtnumt of the Formurn Government General. 
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of 50 lbs per sq. in., which is a little smaller than that obtained 
from the test pieces of the masonry of the Kwo-gmea railway 
bridge destroyed by the great Mino-Owari earthquake of 1891.* 
The strength of the iron rods, supposed to be uniformly distributed 
over the seetion under consideration, is equivalent to the reinforcing 
the masonry by 10.5 lbs per sq. in. of the area, assuming the 
ultimate strength of the iron rods to be 00,000 lbs per sq. in. Again, 
supposing the total weight of the pier and the girder and track 
system ( = U r ) to ho uniformly distributed over the base piano B\ 
we obtain a pressure of 43.0 lbs. per sq. in. of the sectional area. 
Taking together the strength of the masonry, that of the iron 
rods, and the compressions! effect, the effective tensile strength 
of the column will be 

F = 50 + 10.5 + 43.0 lbs = 103.5 lbs. 

The seismic stability of the pier then becomes 

0800x351,300,000x103.5 
"i — - — - , n — jyx — .> ( uu . - = 1844 mm/sec'. 
120 x 456 x 3,403,000 ' 

(ii) Let us next take the section A, whose height corres]xmds 
to the top of the buttress. (Figs. 2 jind 1.) We have : — 

/= 108,502,500 (unit in inches) 

Weight of Pier nbove Section A (=1)02.1 tons) 
}V- J f Weight of Girder and Track system ( = 21.1 tons) 

= Total Snm = 923.2 tons = 2,008,000 ll>s. 
/ = Ileight of Centre of Gravity of the structure nlx>ve Section A 

= 29' 10" = 358". 
r n = |xl0' 9" = 100"f 

The effect on the strength of the brick work of the iron rods is 
equivalent in this case to an increase of 10.0 lbs per sq. in. of 

• The " lHihlicntioi,*.' No. 4. 
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the sectional area ; while the pressure of the mass above the 
plane of fracture is 41.3 lbs per sq. in. of it. The effective tensile 
strength is i*'=50 + 10.9 4-41.3 = 108.2 lbs per sq. in. Hence the 
seismic stability of the pier at the section A is 

9800x168,502,500x108.2 a . nt 
« = ^^0lK^3687l(Ki:5 = 2404 ,nm/8eC • 

Thus (h is greater tlian «i in tin 1 ratio of about 4 : 3, and the 
pier, which is strengthened by a buttress, is still weakest at the 
base, its seismic stability being «, = 1844 mm/see 1 . As this is 
nearly equal to the intensity of motion in the destructive earth- 
quakes likely to disturbe the western part of Formosa, the pier 
in question may be considered, when the work is properly executed, 
to be fairly good from the seismological point of view. 
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Example of a Simple Brick Structure 
damaged by Earthquake. 

By 

V. 0!H OK I, Sc. D., 

Member of the Imperial Earthquake Investigation Committee. 

As an example of a very simple brick building, whose seismic 
stability can roughly be calculated, I consider here the market- 
house at the town of Ensuiko, in the Prefecture of the same 
name, which was damaged on the occasion of the Kagi earth- 
quake of Nov. (J, 1904. This structure consisted merely of a roof 

with wooden truss supported 
by '20 brick posts (ab, cd in 
the accompanying figure.) The 
building covered an area of 100 
tsubo, and was 20 ken in length 
and f> km in width, the longer 
axis being parallel to the N-S 
direction.* The roof had a total area of 3,9(50 square shaku, 
and was covered by the tiles of the native style. As the 
weight per square xhaku of the roof, truss, and the tiling, is 
about 15 lbs, the total weight of the roof system was about 
fiO.000 lbs, distributed with the average amount of 3,000 lbs among 
the masonry posts, of which there were 10 on each side with a 
mutual distance of 2 ken. The posts consisted each of 38 Livers 
of bricks, the height being 8.0 shaku ( = 103"), and the section 

• 1 tin .v/.i >/.ti = 1.82 mitn*. 1 fwtifcj ^ 1 Am square. 
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14 bricks square, or 1.17 shaku (=11") square. Assuming tlie 
weight per 1 cubic inch of the brick work to be 0.0003 lb, the 
weight of each of the columns will be 1,200 lbs. Thus the total 
pressure at the foot of each column was 4,200 lbs, giving an 
average amount of 21,5 lbs per square inch of the base area. 
This amount of compression, added to the tensile strength of the 
mortar joint of the brick work which is assumed to be aliout 
20 lbs per sq. in., gives a value of 11.5 lbs per sq. in. for the 
effective tensile strength at base section of the columns. Again, 
the centre of gravity of the whole building is estimated to be at a 
height of 7.1 shaku ( = 2,230 mm), that is to say, only 1.2 shaku 
( = 30£ cm) below the top of the supporting columns. This fact 
illustrates the importance of reducing the weight of the roof of 
a structure, in order to lessen the intensity of effects on the latter 
of the earthquake motion. 

The seismic stability of the Ensuiko market- house, whose 
construction has been sketched above, is indicated by the aecclera- 
tion (=«) of the earthquake motion, which is capable of fracturing 
the supporting columns at their weakest position, namely, the 
base. This can be calculated by the formula 



the value of the different constants being as follows 

x 0 = 177.5 mm 
/ = 2,230 mm 
F= 41.5 lbs per s<j. iu. 

JJ'= Weight supported at the foot of the colmmi = 4,200 lbs. 

The value of the aecelemtion a is found to be onlv 41)7 -mm /see 1 . 
Such an intensity of motion is by no means that of what may 




3/ W ' 
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bo called a " great destructive shock," but is not much different 
from tho maximum acceleration at Hongo on the occasion of the 
semi-destructive Tokyo earthquake of June 20, 1894. Thus the 
seismic stability of the market-house under consideration will l»o 
seen to be very low. In order to make a structure in Formosa 
practically earthquake proof, we must raise its seismic stability 
to an acceleration of about 2,00(1 nun/sec"'. 

As is to be easily imagined, all the posts of the market-house 
were fractured by the earthquake of Kagi of 1004 at their bases, 
each being also broken at or near the foot of the timber diagonal 
support (rf and yh in the figure.) It is hereby to be remarked 
that great care must be taken in the use of trusses and ties. 
The existence of even an apparently insignificant discontinuity, 
in the form and dimension, the rigidity, or the material, invariably 
produces a fracture or mutual destruction at the joints. 



■ 



Digitized by Google 



On the Duration of the Strongest Part of 
Motion in Destructive Earthquakes. 

Uy 

V. OXORI, Sc. IK, 

Member of the Imi)erial Eurth<iuuke Investigation Committee. 

The disturbance due to a large earthquake is, when observed 
by means of a sensitive seismograph, generally found to last several 
hours. The duration of the sensible part of the motion is of 
course much shorter. Still it may sometimes happen that 
at or near the epicentral district of a destructive earthquake, the 
ground is kept for a considerable time interval in a state of 
shaking, owing to an incessant occurrence of the after-shocks 
Thus at the Kushiro-^a/,:/ light-house, on the occasion of the 
Hokkaido earthquake of March 22, 18114, at 7h 5Gin pm., the 
lamp could not be kept lighted for the 30 minutes after the great 
shock on account of the almost continual succession of the 
tremblings ; the origin of disturbance l>eing under the Pacific at 
a distance of about 100 km from the coast of Kushiro and Nemuro. 
For the sake of reference I give next the duration of the " prin- 
cipal portion " of the ordinary, or non-destructive, earthquake 
motion, obtained from the macro-seismograph observations at 
Miyako (province of liikuchu), and Kyoto. 

Miyuko Duration of Principal Portion, 0.7 sec. to 2«» sec. 

Kyoto „ (i.O „ „ 20 „ . 

The duration of the principal portion, which according to tho 
observations at Miyako and Kyoto varied between 0.7 and 20 sec, 
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may be taken in ordinary oases to be from a few seconds to 
about half a minute. The monvements are, however, not uniformly 
large throughout the principal portion of an earthquake. On the 
contrary, there are usually, in the seismic motion due to a near 
origin, a few prominent vibrations at the commencement of the 
principal portion which are much larger than the others. This 
particular feature of motion is specially well marked in strong 
and large earthquakes. 

The following list gives the duration of the strongest part of 
the principal portion for the 11) destructive, semi-destructive, and 
severe earthquakes in Japan, measured with the C-ray-Milno-E\ving 
type macro-seismographs at the different stations :— 



No. 


\Mte. 


Kiirthqimke. 


Plu«e of 
Observation. 


Pnmtion of tlu> 
Stnuigewt Curt. 


l 


Oct. 15, 1HK| 


Tokyo E<|k«». (ncvprc) 


Tokyo 


«rr\ 

7.0 


2 


.Inn.- '20, 18U4 


Tokyo VaiVp. |seini-»lostni<liv<>) 


« 


t.:i 


:» 


Ort. 7. ,. 


Tokyo Tj\kc. (s^ven-j 


M 


t.r. 


4 


Jan. IK, lt*J5 


•• ». 


H 


KO 


:» 


Sept. 7, l*J2 


Mino-Owari Eqk«. (Homi-«lpstrnrtiv<>> 


(lifu 


!l.f. 


fi 


Jan. 10, 18J4 




M 


r..o 


7 


St-,.t. 7, 1M3 


fKn«oiihimn )Chimn| Kn,k«\ Isemi-de- 


Kng< "Ilium 


CO 


H 


Auk. 12. IMH 


(Fnlcnokn (ItoHhima) Eiikr, (setm-de. 
1 Htnu-tivi*) 


Ftiknokn 


H.5 


11 


Aur. :u. isafl 
(at 4'- 20"' pni.i 


RiWlm-1'no Kqke. (wwro) 


Miyako 


4.i» 


HI 


Juno 7, lLXM 


Tuito Eqkv. iseven ) 


Taito 


c.ii 


11 


April 21. l'.NU 


Kn«i ,. (.l.>Htnn-(iv.) 


Tainan 


K.r. 


12 


Nov. r.. „ 


•. ( ) 


»» 




i:i 


Manh 17. lUOi; 


Or«U Ka«i lv.|ke. 


.» 


11. 'J 


14 


April 14. ItlfM 


K«Ki lCiiko. (rtVstrwHvr) 


•• 


i:«.U 


IT. 


.Inn. 11, lMWi 


{ Hajwhinhyo mid Itokustkikaku Kqkf. 


•> 


iy.r. 
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No. 




Earthquake. 


Place iH 


Unmtion of the 
Strongest Tart. 


16 




{Origin off the NE cowl <>f Main 
( Inland, (severe) 


Miyako 


1!1.0 


17 


March 7. lftSJ'J 


(Origin off the K. «wt of Kii. 
( (tleHtmctive) 


Wnkayarua 


19.1) 


1ft 


Aug. 31. 1896 


Oreat Rilcu-IT Kqke. 


Miyako 


26.0 


1!) 


Oct. 2«. lftU 


Great Mino-Owari Eqke. 


Tokyo 


2R.0 



Of the above- 19 earthquakes, the twelve severe, semi-dostrue- 
tive, and destructive slacks, namely. Nos. 1, 2, ...11, and 
were not what may be called a great earthquake, namely, extensive 
and very destructive seismic disturbance. Again, the three 
Formosa earthquakes, Nos. 12, 13, and 14, were very destructive, 
having caused the following amount of damage : — 

Eqke No. 12 : 45 lives lost, 490 houses entirely destroyed. 

„ No. 13 : 1249 „ „ , 5669 „ 

„ No. 14 : 15 1540 „ „ „ 

Those Formosa earthquakes were, however, eacli quite* limited in 
area, indicating the relative smallness of their magnitudes. Now, 
in the cases of the 14 earthquakes, Nos. 1 to 14, the duration of 
the strongest part of motion lasted 4.0 to 13.9 sec, with the 
average value of 8.0 seconds ; being in the majority of cases less 
than 10 seconds. Eqke No. 15 indicated the duration of 10.0 sec. 

In the two earthquakes, Nos. 10 and 17, which were largo 
submarine disturbances, the duration were each 19 sec. Finally, 
the Hiku-U (No. 18) and Mino-Owari (No. 19) disturbances were 
very great destructive shocks, the duration of the strongest motion 
being 20 and 28 sec. respectively. 

Stoinnary. In destructive shocks, the duration of the strongest 
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l>art of motion is generally 4 to 10 seconds. When, however, the 
earthquake is very great, that is to say, extensive and violent, 
the duration in question may be nearly 30 seconds. These results 
will lx» of use in tho consideration of the destructive effects of 
earthquake shocks on different structures. 
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Aleutian earthquake of Aug. 17, 1.906*. The north Tncifio 
earthquake of Aug. 17, 190C, occurred at almut Oh 11m 44s (G.M.T.), or 
28m 21s earlier thau the great Valparaiso shock on the same date, the 
approximate position of its origin being, according to my estimation, on the 
southern, or convex, side of the arc of the Aleutian Islands, at f =50°N, 
K=W>°E* Had tho centre of this earthquake been in the same longitude 
but much more southwards, say at latitude 30° N or so, the shock might 
possibly have l>een felt, or registered on the cable instruments at the Midway 
Island (s?=28° 30' N, a = 177° W). Such was, however, not the case, as will 
be seen from the following letters, which have very kindly been communicated 
to mo by Dr. Otto Klotz, Director of the Astronomical Observatory of Ottawa, 
Canada. (F. Omori.) 

" J. D. Gaines, Esq., 12th April, 1907. 

Supt. Cable Station, 
Honolulu, Hawaii. 
My dear Mr. Oaines, 

" I hop; that iu the following I am not asking too much of yon, 
anyway, my excuse is that it is in tin interest of Science— and that 
means Mankind. 

"You know last August 1<» about 8 P.M. at Valparaiso occurred a 
destructive earthquake. — The earthquake instruments allowed however 
another quake about half an hour earlier, whose origin is placet! in 
Lat. 30° N. Long. 107° E„ say about 800 west of your station Midway.— 

» 

Now what I desire to ascertain is whether at Midway tho cable in- 
struments were in any way affected either mechanically, that is, by 
direct pulsations or quakes, or magnetically, that is, that the magnetic 
field was distrubed, as shown by the syphon or electric apparatus. 



« See the •' Bulletin," Vol. I, N<>. ± 
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" The time at Midway would be in the neighborhood of Noon Thurs- 
day, Aug, 16 counting time westward ; I inn mentiuning this as Midway 
is so close to the anti-prime meridian where the change of date takes 
place ; for reckoning eastward it would be noon Aug. 17. 

" There should have Ijeen noticed too on that day, after noon, one 
or more tidal waves coming from the west due to the quake. Perhaps 
the diary there will disclose that phenomenon. 

" I would be very glad if your Supt. (Mr. Colley), at Midway would 
look up the syphon records for several hours about noon and see whether 
any disturbance Is shown. Possibly lie made a note on that day alxnit 
the behaviour of the instruments. 

" I would have written to him direct if I knew of any mail com- 
munication with Midway, heuce 1 throw myself on your good nature. 

" It is desirable that the time should be given as accurately as ]x>s- 
sible for any disturbance that may liave l*en recorded or noted. 

Yours sincerely, 
Otto Klotz." 

" Commercial Pacific Cable Company. 

Houoluln, II.T. July 16/07. 

To Otto Klotz, Fsq., 
My dear Mr. Klotz. 

" Pardon the delay in answeriug your letter of April 12th — I have 
been very busy with outside work, which with the office work kept me 
fully occupied. 

" I spoke to Mr. Colley over the wire and he looked over the slips, 
for several hours on each fide of Noon, Aug. 16th and he says the 
instruments wore in no way affected and no indications of tidal waves. 

" I hardly expected, he would find any indications. We noticed 
none, during the San Francisco earthquake. 

" We have felt one or two slight quakes, during the time 1 liavo 
lived here, but I could never discover any disturbance on the slip. A 
few nights ago we had a slight quake, it shook my bed, I thought of 
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you, noted the time, and phoned the office, to mark the slips of both 
instruments, so I could examine them the next morning. I could not 
see the slightest disturbance-- 1 was delighted you wrote me and shall 
always lie glad to look up anything for you. 

Very sincerely, 

(Sgd) J. D. Caines." 

Earthquake of Sept. 3, 1007* The fohWiug account of the earth- 
quake of Sept. 3. 1907, is taken from the Japan Times of Sept. 25, 11)07. 

" Afarming tiea-quakc experience of the Kinsei. The Japanese sealing 
schooner Kins>A-nutr» arrived at Hakodate on the morning of the 22nd of 
September from the Behring Soa, having taken 743 seal skins for the 
season. 

"The master of the vessel reports all tho other Jajianese sealing ves- 
sels in the Behring Sea as doing well aud having lietween tlm>e and four 
hundred seals each. 

" On the 20th of August, the Kinsei-muru during a gale slipped a sea 
whicli smashed all her Iwats and did other damnge, thus compelling the 
vessel to start for home l>efore tho close of the season. 

" On the 3rd of September, while the vessel was in 53 North ami 170 
degrees East, heavy, severe and continued submarine earthquake shocks 
were felt, and which lasted for over twenty-four hours, during which the 
vessel sailed 120 miles. One shock lasting for three minutes was so severe 
that it was thought that the vessel would go to pieces. Tho surface of 
tho ocean was covered with dense masses of pumice stone for a distance of 
over two hundred miles." 

Eureka earthquake of Aug. 18, 1908. The following letter 
from A.H. Hell, Esq., relates to the severe local shock felt at Eureka, in 
California, on Aug. 18, 1908. 

"My Dear Sir: Knrokti, California. August 18, 190N. 

The heaviest earthquake experienced since the memorable 'shake- 
up ' of April 18, 1900, occurred this morning at 2 : 59 o'clock. The 
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vibrations Listed about fourteen seconds. Another shock of less severity 
was felt at 5 : 27 am., lasting about ten seconds. I am informed that 
this earthquake was not felt at San Francisco, the seismic motions 
extending about thirty miles north of Eureka and prolmbly alx>ut the 
same distance to tlie southward. The damage done did not exceed 
$3(XK). I have just mailed detailed report to Prof. McAdie, San Fran- 
cisco, California 

Yours very truly, 
Aaron H. Bell, U. S. Weather Bureau Office.'' 

The following extract is taken from an Eureka daily paper:— 

" Weather Observer .Won H. Bell stated this afternoon that the 

first and most severe quake this morning occurred exactly at 2 : i>9 o'clock, 
and lasted about 14 seconds with vibrations from the southeast to the 
northwest. The violence was sufficient to stop clocks, rattle windows, and 
in tho weather observer's office several instruments were disturbed. The 
greatest intensity was shortly after the beginning, gradually diminishing 
thereafter. 

" The second earthquake this morning came at 5 : 27 o'clock, was of 
less violence and lasted about 10 seconds, the vibrations being upon the 
same direction as those of the first. Weather Observer Bell states that the 
quakes this morning weie nothing as compared to the memorable one of 
two years ago in April, when San Francisco was almost wiped out of 
existence." 
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Note on the Long-period Variations of 
the Atmospheric Pressure. 

By 

F. OMORI, Sr. I). , 

Member of the Imperial Enrthqnnke Investigation Committee. 

With PU. XLIV— XLVni. 



1. Introduction. From the discussion of the after-shocks 
of the Mino-Owari and other recent <lc»structivi* earthquakes in 
Japan,* the seismic frequency has been found to have, liesides 
the diurnal and annual variations, the periodicities approximately 
of the lengths of A\ days, 0 days, 12 days, 33 days, and 3 
months ; amongst others, the period of <H days occurring very 
often. The present note, which is to be regarded as a supplement 
to my paper on the secondary causes of earthquakes (the Bulletin, 
Vol. II, Xo. 2), gives some account of the longer periods of varia- 
tion of the barometric pressure, the object being the comparison 
of the seismic and atmospheric- periodicities. 

2. 1»t method of purlin ft out the period fcittf of barometric 
pressure. The daily or other mean barometric pressure 
at a given place of observation is plotted on a section paper, 
and the length of a period is obtained by taking the average 

• F. Omori : "<>n Uie iiftcr-Hboeks of ftirthqnakoB." Jonr. So. Coll.. Tokyo Imp. Univ.. Vol. 
VII, (mi). Also F. Oraori: "On the KnrthtpuikeH in F.JrmoRsi." Reports (Japanese) of the Imp. 
Eftrthqnnk* Inv. Comm.. No. j4 (I'.HO). 
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from the mean curve drawn by free hand extended over several 
consecutive months. (See Figs. 1, 2, and 3.) I give next some 
examples relating to Tokyo, Gifu, and Mt. Tsukuba. 

3. Barometric pressure at Tokyo, G1 fit, and Mt. Tsnhttba. 
As examples, I have taken the data relating to Tokyo, Gifu 
(province of Mino), and Mt. Tsukuba, and the average length of 
the different periods have been deduced from the curves, in which 
the ordinate is the mean barometric height corresponding to the 
time expressed in 1, 2, 5, or 10 days intervals. As may easily 
be imagined, the variation of the barometric pressure is generally 
very complex. In some cases, however, there is certain regularity, 
when tho barometric variation indicates the periodicity of one 
kind or other. Thus, Fig. 1, which illustrates the variation of 
the daily mean pressure at Gifu between May 1 and Aug. 9, 
1892, indicates a period of about 4£ days. Again, in Fig. 2, 
which represents the same variation in 1903 at the top observatory 
of Mt. Tsukuba, a period of 8 or 9 days is shown between Jan. 
10 and Feb. 1, and in three other epochs, while a period of about 
4£ days is shown during the rest of the year. Fig. 3 illustrates 
the 10 -daily variation of the barometric pressure in Tokyo during 
the three years, 1887-1889, indicates more or less clearly a 
period of 3 months. The results obtained are summarized in the 
following table. 
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Time Interval. 


The moan liarometric 
pressure from whose 
variation the period 
has lieen deduced. 


Average ijeiigtn 
of Vflrind 


rw.f 1 1W Ml IRttH 
i>ci. x— i^ec. <>i, iooo. 


< 

Daily i 


rOKYO. 

nenn pressure. 


A T .1 

4. l clays. 


inuring uie 3 ear looo. 


2-daiIy 


»» 


8.7 „ 


Tun 1 Ancr MO 1R8Q 

J llll. A— Aug. OW, lOoJ. 


2-dnily 


i» 


MO O 
Oj.O „ 


1 Innnn ||.« 1 vonm 1 *Wt7 1 Will 

i/unng me .1 years, iiww— in<w. 


10-daily 


»» 


• J „ 11 

a moutlis. 






oiru. 




T.i i. 1 U.ml Q 1 MOO 
.Jul], 1— oept. if, loj^. 


Daily nieau pressure. 


9.2 days ; 4.6 days. 


Jim l-4inr Ml 1893 


•> 


•• 


4.0 „ 


Sept. 1, l&U- Mnrcb .11, iwa. 


2-daily 


M 


8.0 „ 


\ltiv 1 1W Ml 1RQ0 

->l)l> 1 — l/ec. Ol, !Or»>S, 


2-daily 


>) 


9.3 „ 


iJuriDg mo 3 oar ioim. 


2-daily 


» 


9.0 „ 


uo. 


5-<laily 


II 


35.0 „ 


1X». 


10-daily 


M 


34.0 „ 


1 1UQI IV,,, ill IQfli) 


10-daily 


>i 


3 months. 




MT. 


TSUKUBA. 




Nov. 18-l>oe. 31, 1902. 


Daily n 


jean pressure. 


8.0 days. 


Jan. 10-Feb. 4, 1903. 


« 


>i 


8.3 „ 


Feb. 4-Mm-ch 10, 1903. 


i» 




4.4 „ 


March 19-April 13, 1903. 


>» 


ii 


8.3 „ 


April 17-May 5, 1903. 


ii 


n 


4.5 „ 


May 5-May 31, 1903. 


!> 


•» 


8.7 „ 


Oct. 17-Nov. 5, 1903. 


>» 


i» 


5.0 „ 


Nov. 0-Dec. 23, 1903. 


M 


ii 


7.8 „ 



The different periods contained in the above table may be 
divided into 4 groups, i, ii, iii, and iv, as follows :— 
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11 



• • • 

111 



IV 



days 


days 


days 


months. 


1 7 
1. 1 






•> 
•J 


4.0 




35 




4.0 


8.0 






4.4 


9.3 






4.5 


9.0 






5.0 


8.G 








8.3 








8.3 








8.7 








7.8 






Mean . .4.6 days. . . 


8.7 days 







The mean values of the 4 different i>eriods are 4.6 days, 8.7 
days?, 33 days, and 3 months, the first two occurring most 
frequently. 

4. 2nd method offindiuy out the periodicity of barometric 
pressure. Instead of considering the variation of atmos- 
pheric pressure at a given place as explained in the preced- 
ing §, let us find out the time interval hetween the successive 
epochs, when the whole of Japan is covered by high barometric 
pressure. Thus, Figs. 1 and 5 represent two consecutive cases 
separated by about 4 days, when the high pressure area extended 
over the principal Japanese islands. The mean values of the 
different periods in the pressure variation obtained by this method 
from an examination of the weather maps of Japan during the 4 
years, 1900 to 1903, are given in the following (able. 
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Time Interval. 


Number <>f 

timfw whim 

high pre*nm» 
over Japan. 


Average iutervul 

lietween tbe 
raccesnive high 
1> resume opochtt. 


Jan. 3 ; 0 am.— Mav. 14 ; 10 pm. 


1900. 


29 


•toy 

5 


brnir 
2 


Sept. 29 ; 10 pra.— Deo. 28 ; 10 pm. 


ft 


21 


4 


12 


Jau. 2 ;2 pm.— Feb. 9 ; 2 pm. 


1901. 


9 


4 


19 


Feb. 18 ; 6 am.— March 21 ; 2 pm. 


>» 


8 


4 


10 


March 2(1 ; 10 pm.— June 1 ; 10 pm. 


>» 


14 


5 


4 


Sept. 29 ; 10 pm.— Dec. 27 ; 10 pm. 


»» 


24 


3 


21 


Dec. 31 ; 10 pm. 1901— April 6 ; 10 


pm. 1902. 


24 


4 


4 


April 18 ; <» am.— May 15 ; 2 pm. 


x 


8 


3 


22 


May 25 ; 0 am.— July 1 ; 10 pm. 


>> 


5 


9 


10 


July 17 ; 6 am. Aug. 27 ; 10 pm. 


*• 


5 


10 


10 


Oct 5 ; 10 pm. 1902 Jau. 1 ; 2 pm. 


1903. 


23 

• 


4 


0 


Jan. 5 ; 2 pm. — Jan. 24 ; ti am. 




5 


4 


10 


28 ; 10 pm.— May 4 ; G am. 


M 


22 


4 


:: 


May 9 ; 10 pm.— June 21 ; 10 pm. 




8 


<; 


<; 



Taking the means from the above table, we obtain the following 
two periods : — 

<l It ilnyH 

(i) J 14= !.<» (averaged from 12 eases) 
9 22 = 9.9 ( „ „ 2 ii ) 

5. Combining the results obtained in §§ 3 and 4, the mean 
values of the first two periods are found to l>e :— 

1st ]>eri<x1 4.6 (lavs. 

2nd , 9.3 „ 

Thus, the length of the 2nd period is double that of the 1st 
period, the latter being probably the fundamental period in the 
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variation of the atmospheric pressure from day to day. It is 
quite possible that there exist, besides the period of 9.3 
days and one of about 33 days, many others of longer or 
shorter durations, which are probably the multiples of the 1st 
period. The period of the length of 3 months may be of a 
different origin, being one of the harmonics of the annual period. 

All the four periods in the variation of the barometric 
pressure as a1>ove obtained aro evidently similar to, and likely to 
be the causes of, tho corresponding periods in the variation of the 
earthquake frequency (§ 1). 

I give next a short notice respecting the after-shocks of the 
Taito (Formosa) earthquake of 1903, whose frequency shows 
fluctuations parallel to those of the barometric pressure. 

6. Aftershocks of the Taito earthquake of Sept. 7, 1903, 
The following table gives the daily mean barometric pressure at 
Taito (Formosa) and tho daily number of the after-shocks of the 
strong earthquake of Sept. 7, 1903, recorded at tho same place by 
means of an Omori homontal pendulum of 6 times magnification. 



DAILY MEAN BAROMETRIC PRESSURE AND DAILY NUMBER OP 
EARTHQUAKES AT TAITO (FORMOSA). SEPT. -OCT.. 1903. 



Atmospheric Pressure.* 


Daily Number of Eiirthqunkeft. 


Dny — - 


Month 

• — ~_ 


September 


October 


Day 


Month 


September. 


October. 


1 




mm 
760.0 


mm 

754.0 




1 




0 


2 




58.8 


56.5 




2 




0 


3 




58.6 


57.8 




:} 




0 


4 




59.2 


53.(5 




4 




0 


5 




59.0 


53.2 




5 




0 



* With freezing point correction. Redaction to Htumlinl gravity = 1. lmm ; that to menu 
ca level =0.9 mm. 
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Atmospheric Pressure.* 


Daily Numlwr of Enrthquake*. 


Day M ° Uth 

* **7 — 


September. October. 


Month 


September. 


Oft«»l>er. 


0 


•>O.W 


mm 


(» 




0 


•7 
1 


-.7 o 


fxd o 


7 


26* 


8 






r.T 7 
o/.< 


S 


0 


0 


a 


•>c>..> 


Oo.il 


9 


5 


0 




• )r». 1 




10 


9 


0 


11 


«1 1 .o 


OJ.J 


11 


2 


0 


1 o 






12 


2 


0 


1 -i 
l.J 


fin it 


US. 1 


U 


5 


<> . 


14 


til Ml 


•> j.o 


14 


4 


0 


lit 






15 


0 


0 


10 


On. / 


•>y.o 


10 


2 


0 


1 7 
1 / 




«>o..$ 


17 1 

18 5 




1 O 

IN 








11> 


01 1. I 


KT Q 
O/.O 


19 


0 








KT O 

oi .y 


20 


0 






58.4 


56.7 


21 


0 




22 


58.9 


55.0 


22 


0 




2:} 


59.2 


57.7 


23 


10 




21 


00.4 


59.0 


21 


4 




25 


01.0 


59.2 


25 


2 




20 


59.0 


58.3 


20 


2 




27 


58.4 


59.0 


27 


0 




28 


58.2 


02.6 


28 


1 




29 


58.4 


04.9 


29 


0 




30 


5G.8 


04.1 


30 


0 




31 




05.0 


31 













• Tlu- liit shock took plwv at i> M pm.. <>n the 7th 
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As will bo seen from the graphical representations in Fig. C, 
the variation of the barometric pressure between Sept. 8th and Oct. 
8th (1903) indicates a period of the mean length of about 4.4 
days, its maxima and minima corresponding, on the whole, 
respectively to the maxima and minima of the after-shock 
frequency. 
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Maps showing the distribution of the Barometric 

PI. XLVII. 

Pressure over Japan. 
Fig. 4. March 16, 1900 ; at lO pm. 
Fig. 8- March SO, 1900 ; at lO pm. 
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Experiments on the Vibration of Brick Columns. 

By 

F. OMORI, Se.D., 

Member of the Imperial Earthquake Investigation Committee. 

With Pis. ZLIZ Ln. 



1. Column*. The present note gives an account of the ex- 
periments on the vibrations of five rectangular brick columns, whose 
dimensions were exactly alike, each being composed of 69 layers 
of 4 bricks. (See Fig. 1.) The height was 15 xhaku (=495 cm), 
and the sectional area was 45.5 x 2*2.5 cm. The columns, composed 
of bricks of superior quality of one and the same kind (n^&K. 
fNi$Jii!i*£iS =**>, and fixed to a single large solid foundation of 
concrete specially made for the purpose, had mortars of different 
compositions, as follows : — 

Column Xo. I Pure <xin«;ut. 

No. II .... 1 part of cf>meut, 1 part of sand. 

„ Xo.Hl.... 1 „ ,2 

Xo. IV ... 1 „ , :\ 

Xo. V 4 p:»rts of lime, <> ,, 

The columns, arranged in series as shown in Fig. 2, with a 
mutual distance of 50 cm were constructed between Nov. 25 and 
Dec. 1», in 1901. 

2. ICxperiments. The object of the experiments carried on 
three months later, at the end of March 1902, was the determina- 
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Fig. 1. 



turn 



mi 



1; 



tion of the periods of natural vibration of the different columns. For 
this purpose each of the latter was caused to move by being pushed 
or struck with hand oneo or several times at the top in direction 
normal to the broad side, l>eing then left to vibrate 
freely and to gradually come to rest. The record of 
motion was obtained by means of a stiff pointer, which 
was attached to the top of the column, and to whose 
end was hinged a |>en tracing in ink the vibrations on 
a record -reeeiver mounted on an independent staging 
of timbers. The diagrams obtained in this manner are 
reproduced in Plates XLIX to Till. The column No. 
V, of lime mortar, was very easily thrown into 
movements of a considerable amount ; while the 
column No. 1, of pure cement mortar, could be made 
to vibrate only slightly. Again, it happened almost 
always that, when one of the columns was vibrating, 
the neighbouring ones were also thrown into a state 
of motion to an appreciable degree. The following 
table gives for the different columns, the maximum or 
initial range (double amplitude='2a) of motion and 
the period of vibration during the earlier and end 
portions. 



inn 



ZCTJX 




m 



Column. 
(Elevation 

v) 



Fig. 2. 

Plan sh-ivriug the iirrna^raent of thj columns in 




t» = 45.5 

<• -= 50. 
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No. of 


No. of 


Initial 
or 

"Mux 9/i 


Average Period in the 


Column. 


Experiment. 

* 


Earlier pari 


End part 




1 


0.8 


fine. 


sec 

0.23 




2 


1.8 




0.23 




:\ 


4.3 


0.24 


0.24 




4 


4.6 




0.23 




5 


7.0 


0.25 


0.25 




(i 


6.7 


0.26 


0.25 


T 
1 


r- 

1 


G.J 


0.26 


0.25 




ii 

o 


4 Q 


0.25 


0.24 




I) 


8 0 


t\ or 
V. M 


0 94. 






8 0 


n 97 


O OA 




11 


6.0 


0.26 


0.25 




12 


7.8 


0.27 


0.24 




lx 




0.27 


0.25 




1 JfYI 11 


A it 

(land 2 excepted) 


0.26 


0.24 




1 


4.6 


0.22 


V at 




2 


•1.7 


0.24 


0.23 




3 


5.7 


0.23 


0.23 


n 


•i 


5.3 
4.5 
6.7 






5 








c, 


0.24 


0.23 




7 


5.3 


0.23 


0.23 




Main. 


5.3 


0.23 


0.23 




1 


7.1 


0.25 


0.24 




2 


(5.8 


0.25 


0.23 


in 


:» 


7.5 
9.5 






l 


0.27 


0.24 




r» 


8.2 


0.26 


0.25 




J/«i/i. 


7.8 


0.26 


0.24 
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No. of 
Column. 


No. of 
Experiment. 


Initial 
or 

Max. 2a. 


Average Period in the 


Earlier part. 


End part. 


IV 


i . 

1 

2 
3 
4 

5 


mm. 

5.5 

8.5 (gja") 
13.0 
1G.5 
19.0 
8.5-19.0 


sec. 

0.24 
0.31 
0.50 
0.54 
0.62 
0.31-0.62 


sec 

0.24 
0.25 
0.27 
0.25 
0.26 


V 


1 

2 

:i 

4 
5 
C» 

: 

Mean. 


6.7 

9.4 

7.6 
17.1 
18.7 
21.5 
24.0 

3.9 
3.9—24.0 


0.42 
0.45 
0.48 
0.62 

0.67 
0.77 

0.42-0.77 


0.33 
0.35 
0.36 
0.37 
0.38 
0.41 
0.40 
0.40 
0.33—0.41 



The column No. I seemed to indicate a slight lengthening 
of period with the repetition of .the vibration experiments. 
Thus, in the experiments Xos.3-8, the period in the earlier part of 
motion varied between 0.24 and 0.2G sec, with the average of 
0.25 sec. ; whilo in the experiments Nos.9-13, the corresponding 
period varied between 0.20 and 0.27 sec., with the average of 
0.27 sec. The period in the later part of motion seems to show 
also a similar, though very slight, tendency. 

The same phenomenon is more markedly shown by the lime- 
mortar column Xo. V. Thus, during the eight experiments, Nos. 
1-K, the period in tli<> earlier part of motion successively 



Digitized by Google 



KxiierimcntR on the Vibmtion of Brick Columns. 



•227 



increased from 0.42 up to 0.77 sec., while the period in the later 
part of motion increased from 0.33 up to 0.41 sec. 

The lengthening of the vibration periods of die columns with 
the repetition of experiments is probably due to the formation of 
microscopically fine cracks at the joints and through bricks, 
which is equivalent to diminishing the elastic moduli of the 
columns without changing the mass. 

3, Vibration of columns Xos. J-IV. From the above given 
table, it will be seen that the ranges (double amplitudes) of 
vibration of the di.Terent columns, although not caused by exactly 
one and the same amount of force, were nearly alike, the mean 
values varying between f>.3 and 8.5 mm. Half of the last-named 
limit of range of motion, which fractured the column No. IV, is 
to be taken as being the displacement at the top of the columns, 
which may break the latter at the base. 

Again, the periods of vibration of the four columns under 
consideration were practically identical with one another, varying 
in the earlier, or large amplitude, part of motion only between 
0.23 and 0.20 sec, and being in the later or end part between 
0.23 and 0.24 sec. This uniformity of motion is quite contrary to 
what we should be led to expect ; as the columns Xos. I, II, III, 
and IV, whose mortar composition varied from pure cement to 
1 part of cement and 3 parts of sand, might be supposed to 
execute vibrations, of which both amplitude and period increase 
in proportion to the quantity of the sand mixed in the moitar. 
The apparent paradox can only be explained on the assumption 
that in each of the four columns, the mortar was much stronger 
than the bricks themselves and behaved as if it were practically 
incompressible, the result being that we got, in these experiments, 
only the vibrations due to the bricks, and not to the joints. It thus 
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seems that in brick works a mortar of 1 part of cctnont and 1 
to 3 parts of sand is as good as that of pure cement. 

4. Vibration of column Xo. V. The column No. V of limo 
mortar, was thrown, without being broken, up to a vibration of 
24 nun, which is nearly throe times the maximum motion in the 
eases of the other columns. This was evidently on account of 
the inferior quality of the mortar, in consequence of which the 
elasticity of the bricks themselves did not, in the vibration of the 
column, at all come into play. Another remarkable feature in the 
motion of the column No. V was the great length of the vibration 
period, whose maximum value was 0.77 see. The difference of 
the period of vibration for larger amplitude from that for smaller 
one ranged in the seven experiments, Nos.1-7, from 0.01) sec. 
to 0.37 sec. Krorn experiments like these we can readily imagine 
how a tall brick chimney with bad mortar will be thrown, on the 
occasion of a violent earthquake, into slow oscillations of considerable 
amplitude. 
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